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THE ORIGIN OF THE COLOURS IN PRECIOUS OPAL* 


1. INTRODUCTION 

E opal has been, since ancient times, one 

of the most admired of all gem-stones. It 
is certainly unique amongst them all in many 
respects. The description by the Roman writer 
Pliny of a famous opal is so graphic that it 
may be quoted here. “In it,” he says, “you 
shall see the burning fire of the carbuncle, the 
glorious purple of the amethyst, the green sea 
of the emerald, all glittering together in an 
incredible mixture of light. Some opals by 
their refulgent splendour rival the colours of 
the painters; others the flame of burning sul- 
phur or of fire quickened by oil”. From this 
by no means over-enthusiastic word-picture, 
it is clear that no pictures in black and white 
could do justice to the beauty of the opal. 


* Presidential Address to the Indian Academy of 
Sciences at its 19th Annual Meeting held at Ahmedabad 
on 27th December 1953. 


Nevertheless, we reproduce below enlarged 
photographs of the two finest specimens in the 
museum of my Institute. One is a flat tablet 
purchased from a_ jeweller in Bangalore 
and shows brilliant green and blue reflections 
with a few yellow patches. The characteristic 
lamellar structure of the gem-stone can be seen 
in places, though the magnification is inade- 
quate to show it up properly. The water-opal 
pictured to the right presents an altogether 
different appearance. It is of rounded form, 
and though beautiful enough in broad daylight, 
is a most attractive object when viewed under 
a bright source of artificial light. Numerous 
little spangles of reflected light of varied 
colours sparkle here and there within its 
volume, shifting their positions as the specimen 
is turned round. 

Explanations of the remarkable optical 
effects exhibited by precious opal have not 
been wanting. But we shall not recount them 
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here, since they are conjectural and have no 
factual support. The problem has, however, 
at last been definitely solved. In recent papers 
by myself and Mr. Jayaraman published in the 
Proceedings of the Academy, experimental 
facts revealed by optical and X-ray investiga- 
tions are set out which enable us to state in 
precise terms the nature of the structure which 
is responsible for the iridescence of precious 
opal. 
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India not far from Indore exhibit in associa- 
tion with agate a white porcelain-like mate- 
rial, examination of the X-ray diffraction pat- 
tern of which reveals it to be pure cristobalite 
in its low-temperature form, see Fig. 2 (a). 
On heating it to about 300°C., the material 
changes over io the high-temperature form of 
cristobalite with fewer lines in its X-ray pat- 
tern, see Fig. 2 (b). On cooling, it reverts 
again to the low-temperature form. 


Fic, 1 


Gem-Opal 


2. X-Ray Srupy or OPAL 

Any substance consisting predominantly of 
silica which has a density too low for its being 
identified with chalcedony and is “amorphous” 
in appearance is designated by mineralogisis 
as opal. Materials which are different in their 
ultimate structure and even in their external 
appearance and physical properties are thereby 
lumped together under a common name, and 
as a consequence, there has been much con- 
fusion in the literature of the subject. A pro- 
per basis for the classification of siliceous mate- 
rials is evidently to be found in their X-ray 
diffraction patterns. The study of the latter is 
accordingly the first step towards an under- 
standing of the true nature of opal and the 
discovery of the origin of the colours which 
the precious varieties exhibit. 

Well-developed crystals of the forms of 
silica known as tridymite and cristobalite are 
something of a rarity. It might, however, be 
anticipated that massive or cryptocrystalline 
forms of tridymite and cristobalite might be 
found to occur in nature rather more fre- 
quently. Indeed, specimens collected by me 
some years ago on the open tétrain in Central 


Water-Opal 
3. THE Structure oF HYALITE 


Totally different from the naturally occurring 
cristobalite in its appearance and physical pro- 
perties is the material known as hyalite or 
Muller’s glass. It is a transparent solid, but 
examination of a specimen available in the 
museum of my Institute has revealed that the 
passage of a pencil of light through it results 
in the production of a well-defined diffraction 
halo with a hexagonal outline, thereby showing 
that the material is not optically homogeneous 
but has a stratified siructure. Hyalite, in fact, 
appears to be the true prototype of iridescent 
or precious opal. X-ray examination reveals 
that the structure of hyalite is totally different 
from that of the naturally occurring cristobalite 
and exhibits certain characteristic features. The 
latter are to be found also in other materials 
resembling it in transparency, density and re- 
fractive index. The three X-ray diffraction 
patterns reproduced below as Fig. 3 (a), (b) 
and (c) are respectively those of a semi-trans- 
parent waxy opal, of hyalite itself, and of a 
“fire-opal’” which is a gem-stone exhibiting a 
very pretty orange red colour, The water- 
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opals give X-ray patierns almost identical 
with those reproduced in Fig. 3. 

A clue to the understanding of these patterns 
is to be found on a careful comparison of the 
same with the diffraction patierns reproduced 
in Fig. 2 (b) and (c) above which are res- 
pectively those of the high-temperature form 
of cristobalite and of tridymite at room tem- 
perature. While in their outer parts, the pat- 
terns are closely parallel to thai of high-cristo- 
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in which they are traversed by the light. A 
variety of effects may be observed in different 
circumstances, examples of which are actually 
met with in the study of the optical behaviour 
of opals. As the spacing of the stratifications 
is progressively diminished, a stage is reached 
when the diffraction haloes or spectra observed 
in the forward or transverse directions dis- 
appear, and we have, instead, monochromatic 
reflections backwards towards the source of 


(a) 
Low-—Cristobalite 


(6) 
High— Cristobalite 


Low— Tridymite 


Fic. 2. X-Ray Diffraction Patterns 


balite, in other features they resemble that of 
tridymite, especially in the fact that the princi- 
pal ring of the opals is a multiplet. The 
demonstration that the structure of the opals 
includes both tridymite and high-cristobalite is 
completed when the patterns are recorded with 
X-ray cameras of higher resolution. The prin- 
cipal ring is then seen resolved into three com- 
ponents; the positions and relative intensities 
of these agree with those to be expected as a 
result of the superposition of the single ring 
of high-cristobalite with the three rings of tri- 
dymite. 
4. Tue Optics oF STRATIFIED MEDIA 

The optical phenomena which result from 
the passage of a beam of light through a regu- 
larly stratified medium are determined by the 
spacing of the stratifications and the direction 


light. The water-opal illustrated in Fig. 1 (b) 
represents this middle stage. Many of the 
coloured internal reflections that it exhibits are 
yellow and red, indicating that the spacings of 
the stratifications are siill large. With finer 
stratifications, even the backward refiections 
disappear for the longer wavelengths of the 
spectrum, only the blue and violet reflections 
being then possible. The size of the domains 
covered by the stratifications also plays a role. 
If they are small enough, we obtain a diffusion 
of the light in all directions instead of a regu- 
lar reflection in any particular direction. 

The extraordinarily perfect monochromatism 
of the reflections and of the corresponding ex- 
tinctions displayed by fine opals is a proof 
that their stratifications fulfil simultaneously 
four conditions, (a) that their number in any 
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given domain is large, (b) that their spacing 
is-uniform, (c) that the difference of refractive 
index between the alternate stratifications is 
constant,.and (d) that such difference in index 
is very small. If any one of these four condi- 
tions is violated, the reflections would cease to 
be monochromatic, The only reasonable hypo- 
thesis that would cover these requirements is 
that the alternate layers in the material con- 
sist of two distinct crystalline modifications 
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close association with low-tridymite. Evidently, 
the presence of the latter stabilises the situa- 
tion and prevents the reversion of the high- 
crisiobalite to the low-temperature form. The 
X-ray patterns indicate that the high-cristo- 
balite forms the larger proportion of the mate- 
rial, and since it is optically isotropic, one can 
readily understand why opal: is reasonably 
transparent. On the other hand, since low- 
tridymite is a crystal possessing a pseudo- 


(6) 
Water Opal 


() 
Fire Opal 


3. X-Ray Diffraction Patterns 


of silica. The X-ray data indicate that these 
two modifications are respectively high-cristo- 
balite and low-tridymite and thus furnish the 
clue to the understanding of the observed opti- 
cal behaviour of precious opal. 
4 5. Some FurRTHER REMARKS 

.High-cristobalite, as is indicated by its X-ray 
pattern, is a cubic crystal with a structure re- 
sembling that .of., diamond in its general plan. 
It. reverts. immediately to low-cristobalite at 
temperatures belew.270°C. It seems at first 
sight, therefore, surprising that it should con- 
tinue to exist as such as a constituent of opal. 
The answer ta.the puzzle is furnished by its 


hexagonal symmetry, it is not surprising that 
the stratifications in opal often exhibit geo- 
metric patterns in three dimensions. 

It is important to remark also that not all 
opals give beautifully. well-defined X-ray pat- 
terns of the kind illustrated in Fig. 3° Indeed, 
it is found that many opals give diffuse pat- 
terns resembling those of vitreous silica, though 
there are recognizable differences. A careful 
comparison of the X-ray patterns and of their 
optical behaviour, however, leaves no room. for 
doubi that they are essentially similar to hyalite 
in their structure. 

C.' V. RAMAN. 
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THE PROBLEM OF THE ‘ DANIAN ’~A REVIEW 
L. RAMA RAO 


F all the smaller subdivisions of the stand- 

ard European stratigraphical scale, the 
Danian is one of the most interesting, and has 
attracted considerable attention ever since it 
was first recognized as a distinct unit in the 
Upper Cretaceous succession of Denmark more 
than a hundred years ago. Its special import- 
ance is due to the position which this subdivi- 
sion occupies on the Cretaceous-Eocene bound- 
ary; a proper understanding of its stratigra- 
phical and palzontological relationship and 
affinities with the underlying Cretaceous on the 
one hand, and the overlying Eovene on the 
other is therefore of the greatest value in the 
study of the Cretaceous-Eocene transition. To 
us in India, this subject is of particular inter- 
est since beds of ‘Danian’ age have been noticed 
in quite a number of places and their proper 
study and interpretation play a very import- 
ant part in discussing the Cretaceous-Eocene 
boundary problem here. 

In Denmark where it was first studied, the 
Danian was considered as representing the sub- 
division at the very top of the Cretaceous, and 
composed of two parts. 

Upper: Saltholm limestone with Nautilus 

danicus and Baculites also. 

Lower: Faxoe chalk: full of corals and 

bryozoa, with Nautilus danicus. 
Belemnitella mucronata and Bacu- 
lites faujasi. 

A little later, the Danian subdivision was 
also described from the Franco-Belgian basin 
where it was classified as under: 

Dani Montian 

Merstrichtion 

The Danian here is mostly composed of a 
pisolitic limestone which occurs in a number 
of places always lying unconformably on differ- 
ent parts of the chalk. It was recognised, how- 
ever, even in those days that the different out- 
liers of these beds were not all of the same 
age, and that while some of them undoubtedly 
belonged to the latest parts of the Cretaceous 
system, others formed ‘passage beds’ into the 
younger Tertiary. Of the fossil assemblage in 
this Danian and its significance, it was said: 
“The general aspect of the fossils resembles 
that of the older Tertiary formations; but 
among these, there are some undoubted Creta- 
ceous species...... The fragmentary deposits in 
which this transition can be traced are interest- 
ing in so far as they help to show that though 
in Western Europe, there is on the whole a 


tolerably abrupt separation between Cretaceous 
and Tertiary deposits, there was nevertheless 
no real break between the two periods—th2 
one merged insensibly into the other.” 

Some years later, based on the work in N.-W. 
France, the Danian of that area was described 
as composed of two subdivisions as follows: 
Calcaire Pisolitique—zone of Nautilus 

danicus. 
Calcaire a Baculites—zone of Bacu- 
lites anceps. 

This differentiation of the Danian into two 
distinct zones, the lower with B. anceps and 
the upper with N. danicus, and the transfer of 
the Montian to the Tertiary, were important 
steps in the right direction. 

As time went on, other ideas about the Danian 
and its stratigraphical relationships have been 
expressed in more recent years; and it will 
be seen from the following review recently made 
by Muller and Schenck! (1943) that the posi- 
tion regarding the Danian even in Europe is 
still uncertain: “In Belgium ar2 some beds 
called Montian. These have been correlated 
with type Danian by several authors and placed 
in the Cretaceous. Others consider the Montian 
to be younger than the Faxoe limestone, but 
still Cretaceous. Another school holds a third 
view, the Montian is contemporaneous with the 
Danian, but both are Tertiary. Still others hold 
that the Montian b2ing younger than the Faxoe 
limestone is Tertiary, whereas the Danian is 
Cretaceous. The upper limit of the Cretaceous 
system is not settled in Europe, much less so 
elsewhere.” 

Outside Europe, Grabau? (1927) drew our 
attention to the occurrence of certain upper- 
most Cretaceous beds immediately below the 
Paleocene @) Libyan series of Africa, but point- 
ed out that there was invariably a disconformity 
between the two. He nevertheless made the 
important observation that these late Cretaceous 
strata already show tertiary affinities in their 
faunal content. An important contribution to 
our knowledge of the ‘Danian’ subdivision was 
recently made by Finlay and Marwick*® (1937) 
in their stratigraphical and paleontological 
studies of the Wangaloan and associated marine 
beds of New Zealand, about the exact age of 
which there was some difference of opinion 
among previous workers, some assigning them 
to the topmost Cretaceous, and others to the 
lowermost Tertiary. After a detailed examina- 
tion and analysis of the palzontological 
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evidence, Finlay and Marwick emphasized the 
distinctness of the Wangaloan fauna from other 
faunas, both Cretaceous and Tertiary. After 
considering all factors, they opined that a late 
Cretaceous age (approximately Danian) may 
be assigned to them, and further indicated “that 
the time between the Mestrichtian and Mon- 
tian covered a longer period than generally 
conceded, and the probable need for other 
stages in addition to the Danian to fill the 
gap.” Their conclusion regarding the strati- 
graphical position of the Wangaloan beds has 
been nicely summarised as follows: “In a gene- 
ral way the Wangaloan is related to the Creta- 
ceous and Tertiary much the same as the 
Danian is. It is therefore here placed at the 
top of the Cretaceous and correlated with the 
Danian. If the evidence supplied by New Zea- 
land mollusca is significant, the period bet- 
ween the Mestrichtian and the Paleocene was 
a very long one, much longer than is generally 
conceded. Consequently the Wangaloan stage, 
though falling within this period need not co- 
incide with the Danian. It may be earlier, it 
may be later, or the stages may, in part, over- 
lap.” 

An altogether different view regarding the 
concept of the Danian has been expressed quite 
recently (1949) by S. W. Tromp? in his paper 
on “The determination of the Cretaceous-Eocene 
boundary by means of quantitative, generic, 
microfaunal determinations and the conception 
‘Danian’ in the Near East.” In this very interest- 
ing paper, Tromp has examined the ‘micro- 
faunal’ data furnished by the Cretaceous-Eocene 
border line beds in the countries of the Middle 
East, and says that on this micropalzontologi- 
cal evidence, the Cretaceous-Eocene boundary 
“cuts through the so-called Danian, and makes 
this term superfluous, at least in the Middle 
East. Further evidence suggests that in other 
countries also the term Danian is uSeless as an 
accurate stratigraphical unit and should be 
abandoned.” He thinks that the introduction of 
the name Danian was at one time useful “only 
because of the great difficulty experienced in 
determining the Cretaceous-Eocene boundary 
by means of macrofossils”’; with the present 
advent of microfaunal studies, this division 
according to Tromp is no longer justifiable or 
necessary. 

From a study of the Foraminifera, Glaessner!” 
(1945) ‘says of the Danian: “Important elements 
of the Paleocene and later Tertiary fauna are 
present in the Danian. In the history of the 
Foraminifera, the Danian appears thus as a 
transition period. The cycle of Upper Creta- 


ceous development closes with the sudden ex- 
termination of almost all dominant elements of 
the fauna before the Danian. The new cycle 
commences in the Paleocene.” 

With this brief review of the discussion re- 
garding the stratigraphical position of the 
‘Danian’ beds in other countries, we may now 
consider the case in India where beds corre- 
lated with the ‘Danian’ subdivision have been 
recognised in quite a number of places 
both in the peninsular and extra-peninsular 
regions. A brief account of these beds and 
their importance in discussing the problem of 
the Cretaceous-Eocene boundary here have 
been given by the present writer in his Presi- 
dential Address to the Geology Section of the 
Indian Science Congress (1940) on the Upper 
Cretaceous and Lower. Eocene beds of India, 
with special reference to the Cretaceous- 
Eocene boundary. For purposes of this article, 
attention will be drawn to a few points of 
special interest worthy of consideration in dis- 
cussing the stratigraphical position of the 
Danian. 

The most interesting feature, noticed from 
very early times, of many of these so-called 
‘Danian’ beds which we are now accustomed to 
regard as belonging to the uppermost Creta- 
ceous horizon, is that they also contain some 
fossils with a distinct Tertiary aspect. This was 
pointed out by W. T. Blanford® even so far 
back as 1880 when describing the Cretaceous 
succession in Sind; in assigning an age to the 
topmost beds here which he called the “Cardita 
beaumonti beds”, he said they were “upper 
Cretaceous or intermediate between Eocene and 
Cretaceous.” He observed: “The fossils in the 
‘Cardita Beaumonti beds’ require much fuller 
examination and comparison than they have 
hitherto received ; but sufficient has been ascer- 
tained to show that they have a distinctly Cre- 
taceous character, but that nevertheless they 
have strong Tertiary affinities....Although the 
latter group (Cardita beaumonti beds) have 
been classed as Cretaceous, this classification 
must be understood as only temporary, for the 
thorough examination of the fossils may show 
that the preponderance of affinities is really 
very ancient Eocene, or absolutely intermediate 
between the oldest Tertiary and the newest 
Cretaceous formation hitherto known.” The 
position was much the same in regard to the 
limestone occurring just below the Deccan 
Traps in the Rajahmundry area. William King® 
who first described it in 1880, noticed that “the 
majority of fossils are such as are usually con- 
sidered as of Tertiary age”; but his colleagues 
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Medlicott and Blanford were not so sure about 
this, for they said: “Although the whole facies 
is Tertiary, there is a remarkable absence of 
characteristic genera, and the chief distinction 
from the Cretaceous fauna of the upper beds 
in South India is simply the want of any mark- 
ed Cretaceous form.....The balance of evidence 
is in favour of referring the latter (infra-trap- 
peans) to Cretaceous time rather than to Ter- 
tiary. They may be of intermediate age.” 
Then again in the Trichinopoly'§ Creta- 
ceous area the topmost beds constituting the 
Niniyur group offer a similar doubtful position. 
In describing them so far back as 1865, H. F. 
Blanford? commented on their fossil assemblage 
as follows: “It will be seen that the Tertiary 
aspect of the fossils of the Niniyur bed is more 
due to the absence of characieristic Cretaceous 
forms than to the presence of those which we 
have been accustomed to think as peculiar to 
Tertiary deposits; but the latter are not en- 
tirely wanting. 

In all these three areas, Sind, Rajahmundry 
and Niniyur, further work was done in later 
years, and we gradually came to adopt the 
view now current that in each of these places, 
the beds in question must be considered as 
definitely belonging to the Cretaceous, and re- 
presenting its uppermost horizon equivalent to 
the ‘Danian’. In coming to this conclusion, we 
relied very largely on the evidence of one or 
both of the fossils ——Cardita beaumonti and 
Nautilus (Hercoglossa) danicus—which seemed 


to clinch the issue in favour of the Danian age. _ 


But this implicit confidence of ours in the 
value of these fossils as specific Danian age 
indicators has been rather severely undermined 
by the more recent researches on the nature 
and distribution of these index fossils and their 
use in long distance correlations of small strati- 
graphical subdivisions. Our attitude regard- 
ing Cardita beaumonti as a zone fossil, for 
instance, has to be completely changed in view 
of the recent investigations by Rutsch® (1936) 
who made a thorough study of the occurrence 
of this fossil in different parts of the world 
and pointed out that the so-called Cardita 
beaumonti of these different areas is not quite 
the same, though closely similar; and if all 
these allied forms are grouped together, the 
range of this ‘Cardita beaumonti group’ is much 
longer and ranges from Mestrichtian to Middle 
Eocene. This paper by Rutsch is exceedingly 
valuable, not only because it deals with the 
problem of Cardita beaumonti, but also because 
it raises certain basic and fundamental issues 
which we have to consider in dealing with the 
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age value of any other similar so-called ‘index 
fossil’ with a wide geographical distribution. 
It would be desirable, for instance, to examine 
the evidence of the other ‘Danian’ fossil Nautilus 
(Hercoglossa) danicus dealing with this prob- 
lem in the same manner as Rutsch has done in 
the case of Cardita beaumonti. Such a study 
is likely to reveal the presence of a ‘Nautilus 
danicus group’ with an extended time range, 
and may to that extent caution us against the 
uncritical manner of using this fossil either, 
as a decisive index of a ‘Danian’ age. Such 
studies are obviously particularly necessary 
when we have to determine the exact age of 
‘border line’ beds. 

Side by side with these studies, the other 
constituents of the entire fossil assemblage in 
these so-called ‘Danian’ beds of different areas 
have also been examined in recent years, and 
it is being increasingly realised that they in- 
clude several fossils of the kind associated with 
the early Tertiaries, as was already indicated 
by the pioneer workers. Thus in 1930, L. R. 
Cox, on the basis of Douvilie’s work, pointed 
out that the Cardita beaumonti beds “contain 
a number of species allied to, or even identical 
with, forms which in Europe are characteristic 
Eocene species”, and later in 1939, suggested 
“that the typical fauna of the Cardita beau- 
monti beds might be of basal Paleocene age 
rather than uppermost Cretaceous.” In 1940 
L. M. Davies actually referred the Cardita beau- 
monti fauna (provisionally) to the Montian. 
From his studies of the Niniyur group of the 
Trichinopoly Cretaceous area (1936 & 1940), 
the present writer? pointed out the presence of 
certain Tertiary features in its fossil assemblage 
and said: “The fossils generally seem to indi- 
cate a Danian age; but it appears not unlikely 
that a part at least of the Niniyur Division 
represents even an younger horizon.” 

Following these trends of thought, it would 
appear that we may soon have to transfer many 
of these so-called ‘Danian’ beds actually into 
the early Tertiary; modern research seems in 
fact to be definitely pointing in this direction. 
It may even be that we will ultimately have 
to do away with the ‘Danian’ subdivision 
altogether—handing over part of it to 
the Mestrichtian (Cretaceous), and _ trans- 
ferring the other part to the  Paleo- 
cene (Tertiary). In the present stage of our 
knowledge, however, all these ‘Danian’ beds are 
best considered as occupying a part of the 
‘passage’ between the Cretaceous and Eocene 
without assigning it to either of these systems. 
From one point of view this passage belongs 
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to both; from another it belongs to neither. The 
detailed study of such ‘passage beds’ wherever 
they occur would be of the greatest value in 
contributing to complete our world picture of 
the geological history during the Cretaceous- 
Eocene transition period. 


[Science 
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Sur. India, 1880, 17. 6. Zbid., 1881, 16 (3). 7. Zbid., 
1865, 4 (1). 8. Zcl. Geo. Helv. 1936, 29 (1). 9. 
Proc. Ind. Sci. Con. 1940, 2. 10. Principles of Micro- 
paleontology, 1945. 


BIOSYNTHESIS BY ALGAE 


URING the Rationalization Exhibition heli 

in July-August 1953, at Dusseldrof, the 
‘Kohlensioffbiologische Forschungstation’ at 
Ess2n-Bredeney, exhibited a pilot plant using a 
culture of alge for the biosynthesis of organic 
substances such as fats, proteins and carbo- 
hydrates. 

The idea behind the scheme is to provide 
favourable conditions for biosynthesis by uti- 
lizing industrial waste gases (CO, and heat) 
and solar energy. Vertical glass columns of 
about 2 metres in length are arranged about a 
vertical axis. These are filled with a nutrient 
solution containing nitrogen, phosphorus, 
potassium and other minor elemenis. To these 
a suspension of alge is added. A mixture of 
air and CO, from waste gases, freed from harm- 
ful matter, in particular sulphur, is blows: 
through the solution. The whole is exposed 
to sunlight while a neon tube situated in the 
middle of the system of vertical tubes supplics 


artificial light when required. The CO, added 
is about 2 per cent. by volume. The algz pro- 
pagates rapidly. 

After a period of 1-2 days, one half of the 
liquid is drained off for centrifuging. The sub- 
stance separated is then dried. It has a content 
of proteins or lipoids depending on the com- 
position of the nutrient solution. High nitrogen 
content of the solution results in a dry sub- 
stance containing 50-60 per cent. proteins. Low 
nitrogen content, on the other hand, results in 
a dry substance of about 15 per cent. lipoids. 
Sterile culture can be made with this glass 
column method only with the alge species 
Chlorella vulgaris, of the variety “viridis”. The 
fats, proteins and carbohydrates obtained by 
this method can be used for many purposes 
after hydrolytic processing such as an ingre- 
dient for animal food and as raw materials for 
yo chemical, pharmaceutic and cosmetic indus- 

es. 


SYMPOSIUM ON INDIGENOUS DRUGS AND INSECTICIDES 


A’ a Symposium on Indigenous Drugs and 
Insecticides held under the auspices of the 
National Institute of Sciences of India at Bom- 
bay in August 1953, forty-one papers were pre- 
sented by about 60 authors working in 22 
different laboratories of the country. The mate- 
rial was divided into two groups, viz., (I) In- 
digenous Drugs, and (II) Insecticides. Under 
the first group, thirty-five papers dealing witr 
(a) chemisiry of plant products, (b) pharma- 
cology and chemotherapy of plant products, 
(c) biochemistry of plant products, (d) thera- 
peutics of plant and mineral products, (e) phar- 
maceutical botany and pharmacognosy of medi- 
cinal plants, and (f) general aspects, were in- 


reveals that a successful attempt has been made 
to cover the different aspects of this wide sub- 
ject. 

In our country where the native systems of 
medicine like Ayurveda, Siddha and Yunani, 
have successfully thrived side by side with the 
fast-advancing allopathic system, intensive pur- 
suit of organized and systematic study of in- 
digenous drugs is of paramount importance for 
the scientific development of the former sys- 
tems of medicine. It is happy that the National 
Institute of Sciences organized this Symposium, 
which should act as a stimulant for increased 
activities in this useful field. The full papers, 
when published, will be read with great inter- 


cluded. There were six papers in the second est. B. H. Iver. 
group. A perusal of the abstracts of the papers 
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ISO-FLAVONES OF SOYABEANS 
V. K. AHLUWALIA, M. M. BHASIN anp T. R. SESHADRI ann 
Chemistry Dept., University of Delhi. 


OYABEANS were shown by Walz! to contain 
genistein (5:7: 4’-trihydroxy isoflavone) 
and daidzein (7: 4’-dihydroxy isoflavone). Later 
Okano and Beppu? claimed to have isolated 
5: 7: 2’-trihydroxy isoflavone (“iso-genistein’’) 
and - 5:7: 4’-trihydroxy-8-methyl isoflavone 
(“methyl genistein”) and 5: 7: 2’-trihydroxy- 
8-methyl-isoflavone. 
Compounds of these constitutions have recently 
been synthesised by Seshadri and Varadarajan" 
and have been found to differ from the natural 
products in melting points and colour reactions 
with alcoholic ferric chloride. The derivatives 
and degradation products also are found to be 
different. The work of Baker et al.,# Karmar- 
kar et al.5 and of Whalley® have independently 
led to the same conclusion. Baker et al. have 
made the suggestion that the samples reported 
as methyl genistein, methyl iso-genistein and 
iso-genistein by Okano and Beppu were all 
genistein of varying degrees of purity. This 
was considered to be more likely because the 
elementary analysis is not inconsistent with this 
suggestion and some of the supposed hydrolysis 
products were not satisfactorily characterised 
One significant point may be emphasised here 
with regard to the claims of Okano and Beppu 
of having isolated 8-methyl genistein and 8- 
methyl isogenistein. It is now established that 
all 6 or 8 C-methyl chromone derivatives’ give a 
characteristic deep green colour with alcoholic 
ferric chloride while those without the C- 
methyl group give a violet or brown colour. 
Synthetic 8-methyl genistein and 8-methyl iso- 
genistein give deep green colour whereas the 
samples of Okano and Beppu are reported tc 
give violet red or brown colour. ; 
Baker et al.4 have further suggested that the 
product “tatoin”, supposed to be 5: 4- 
dihydroxy-8-methyl isoflavone which was iso- 
lated by Okano and Beppu from Soyabeans and 
by Bhandari, Bose and Siddiqui® from Soya- 
bean germs may prove to be identical with 
daidzein (7: 4’-dihydroxy isoflavone), because 
the melting points of dimethyl daidzein is 
162-63°9.19,18 the same as that recorded by 
Okano and Beppu for the so-called dimethyl 
tatoin (165°) and the melting point of the 
diacetate of daidzein (182°) is also the same as 
the melting point of diacetate of tatoin (185°) 
recorded by Okano and Beppu. Earlier Walz! 
had recorded the lower m.p. of 153° for di- 


methyl daidzein and this might have given room 


for the claims of Okano and Beppu. This mp. 
has been corrected later as mentioned above. 

In view of the marked differences noted by 
Seshadri and Varadarajan? between the syn- 
thetic products and the natural ones isolated 
by Okano and Beppu,? it was considered neces- 
sary to attempt their isolation from soyabeans. 
Work was started in this connection long be- 
fore the suggestion of Baker for explaining the 
discrepancy was published. The soyabeans 
employed in the present investigation were of 
the yellow variety (Pusa_ selection) call- 
ed “Glycine Max”, kindly supplied by the 
Indian Agricultural Research Institute, New 
Delhi. The ground beans (31b.) were extracted 
first with petroleum ether which removed only 
oily matter. Subsequently extraction was done 
with hot ethyl alcohol. The alcoholic extract 
was distilled under reduced pressure to about 
75c.c. and finally extracted with petroleum 
ether to remove the remaining oily impurities. 
It was then repeatedly extracted with ether. 
The ethereal extract on distillation gave a 
small quantity of a crude product (A). It was 
crystallised twice from methyl alcohol when 
it gave a small quantity of a product (B) 
melting at 316-17° with decomposition. This 
had all the properties recorded for “tatoin” by 
Okano and Beppu.2 The aqueous alcoholic 
residue lefi after extraction with petroleum 
ether and ether was boiled with 7 per cent. 
sulphuric acid for 2 hours. There was no solid 
product, neither could anything be obtained by 
ether extraction. 

Later extraction of the germs was done 
adopting the procedure of Siddiqui et al.§ 
About 601b. of soyabeans were germinated and 
the germs extracted, and about 300mg. of a 
“erude product (C) was obtained. It was re- 
peatedly crystallised from_methyl alcohol when 
a small quantity of a crystalline product (D) 
(50 mg.) was obtained. It melted at 316-17°C., 
mixed melting with the above sample (B) was 
undepressed. 

At first the crude products (A) and (C) were 
subjected to circular paper chromatography fol- 
lowing the procedure of Krishnamurty and 
Seshadri (unpublished work) for isoflavones. 
The irrigating solvent alcohol-water 
(1:3) mixture. When the chromatogram was 
developed with alcoholic ferric chloride it gave 
a green ring having circular R, 0-63. This agreed 
with that of an authentic sample of genistein. 
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On the other hand when the chromatogram was 
developed with ammonical silver nitrate an- 
other pink ring with R, 0-9 became visible and 
this was found to agree with the R, value given 
by an authentic sample of daidzein under simi- 
lar conditions. It therefore appeared that these 
were mixtures containing genistein and daid- 
zein. Sample (C) which was available in larger 
quantity was separated by subjecting it to par- 
tial methylation using two moles of dimethyl 
sulphate. Under these conditions the dimeihy: 
ether of daidzein and genistein would be pro- 
duced and they could be separaied by extrac- 
tion with alkali in which the latter would be 
soluble by virtue of the free 5-hydroxyl (resis- 
tant) it would still possess. Experimental 
details are given below. 

The mixture (230mg.) was dissolved in 
anhydrous acetone (50ml.). Dimethyl sulphate 
(2mol.; 0-16ml.) and anhydrous potassium 
carbonate (l1g.) were added and the mixture 
gently refluxed for 8 hours. The solvent was 
then distilled off and water added to the resi- 
due. It was then extracted with ether. The 
ethereal layer was repeatedly extracted with 
sodium hydroxide solution (3 per cent.). The 
ether solution was marked (E) and the alka- 
line solution (F). The alkaline solution (F) 
was acidified with hydrochloric acid. It was 
re-extracted with ether, the ether distilled off 
and the residue crystallised from a mixture of 
ethyl acetate and petroleum ether when a 
colourless product was obtained. It gave a 
green colour with alcoholic ferric chloride 
solution, and melted at 233-35° with previous 
sintering at 210-15°. It appeared to be a mix- 
ture containing mono- and dimethyl ethers of 
genistein. It was therefore completely methy- 
lated with excess of dimethylsulphate and 
potassium carbonate in anhydrous acetone 
medium and the trimethyl ether finally crystal- 
lised from ethyl acetate petroleum ether mix- 


(‘Science 
Science 
ture. It melted at 163-64°, yield 150mg. Mix- 
ed melting point with an authentic sample of 
trimethyl] genist2in was undepressed. The ether 
solution (E) was distilled and the residue 
crystallised from a mixture of ethyl acetate 
peiroleum ether when dimethyl daidzein melting 
at 162-63° was obtained; yield 70mg. Mixed 
melting point with an authentic sample was 
undepressed. Approximate composition of the 
mixture was 70 per cent. genistein and 30 per 
cent. daidzein. 

The fairly sharp meliing samples (B) and 
(D) agreeing with the reported properties of 
‘tatoin’ were finally examined by chromatogra- 
phy. Both of them gave two rings (1) R, 0°63 
with alcoholic ferric chloride, and (2) R, 0-9 
with ammonical silver nitrate. Thus they aiso 
proved to be mixture though diadzein appeared 
to be the major component. 

The above experiments definitely show that 
the soyabeans contain only genistein and daid- 
zein and give strong support to the contention 
that ‘8-methyl genistein’, ‘isogenistein’ and ‘8- 
methyl-isogenistein’ are only genistein of 
varying degrees of purity, and that ‘tatoin’ is 
only daidzzin containing as impurity genistein. 


1. Walz, Annalen, 1931, 489, 118. 2. Okano and 
Beppu, /. Agri. Chem. Svc. Japan, 1939, 15, 645. 
3. Varadarajan and Seshadri, Proc. Jud. Acad. Sci., 
1953, 37A, 145, 508, 514, 526. 4 Karmarkar, Shah and 
Venkataraman, /did., 1952, 552. 5. Baker, Harborne 
and Ollis, /.C.S., 1953, 1860. 6. Whalley, /.4.C.S., 
1953, 75, 1059. 7. Mukerjee, Seshadri and Varadarajan, 
Proc. Ind. Acad, Sci., 1953,37A, 127; Mukerji and 
Seshadri, /did., 1953, 38A, 207. 8. Bhandari, Bose and 
Siddiqui, Jour. Sci. Ind. Res., 1949, 8B, 217. 9. Lechner 
and Dinjaski, Akad. Wiss. Wien, 1933, 142, 2B, 411. 
10, Bradbury and White, /.C.S., 1951, 3447. 11. 
Narasimhachari, Rajagopalan and Seshadri, /our. Sci. 
Ind. Res., 1953, 12B, 287. 


SYMPOSIUM ON ELECTROCHEMICAL PROCESSES 


Witt the approval of the Council of Scientific 

and Industrial Research, it has been decided 
to hold a symposium on “Electrochemical Pro- 
cesses and Their Applications to Indian Indus- 
tries”, in the Central Electrochemical Research 
Institute, Karaikudi, sometime during the 
month of February 1954. 

Even if the intending participants are not in 
a position to be present at the symposium, they 
are requested to forward their papers to the 
Convener of the Symposium who will arrange 
for getting them read and discussed at the 


symposium. The symposium includes sections 
on electrothermal processes, metallurgical and 
non-metallic indusiries, electric furnace techno- 
logy, electrolytic processes, inorganic and orga- 
nic chemical industries, electric batteries, 
electrodeposition and allied processes, electric 
discharges and their application, electro- 
analyses and applications. It is open to the 
contributors to deal with the fundamental and 
theoretical or applied aspects of any of the sub- 
jects which generally fall within the scope of 
the above sections. 
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Rh SUBGROUPS IN SOUTH INDIANS 
C. VENKATARAMIAH anp A. KRISHNA RAO 
Dept. of Physiology, Stanley Medical College, Madras 


HE incidence of the Rh factor in Indians 

has been worked out by various authors. 
Most of the investigators have used anti-Rh 
serum of anti-D specificity only. Wiener! and 
Greval2 tested Indians with anti-D, anti-C and 
anti-E sera. Ranganathan et al.3 tested 294 
South Indians with anti-D, anti-C and anti-c 
sera. Prasad et al.4 tested 105 Indian students 
in London with anii-C, anti-D, anti-E, anti-c 
and anti-e sera. The present investigation has 
been undertaken with a view to get sufficient 
data about the distribution of the Rh groups 
in South Indians. 

The tests were carried out on 100 medical 
students. The red cells were tested with anti- 
Rh sera, anti-D, anti-C, anti-E and anti-c sera. 
Dried sera and preserved liquid sera were em- 
ployed. Landsteiner’s tube method was used 
for the tests. The results were read macrosco- 
pically and confirmed by microscopic examina- 
tion. Reliance was placed only on the micro- 
scopic reaction because on a number of occasions 
a negative macroscopic reading gave an un- 
mistakable presence of agglutinates when view- 
ed under the microscope and a positive macro- 
scopic reading on rare occasions showed no 
agglutination under the microscope. The sp2ci- 
men of cells which gave a negative reaction 
with the anti-D serum was retested for confir- 
mation. 

The results obtained with the various anti- 
sera have been tabulated in Table I which in- 


TABLE I 
Incidence of Rh subgroups 


n 
Reactions with anti-sera Se. @ 
Anti-C Anti-c Anti-D Anti-E soe 
+ + + - 20 32-38 35-00 
- 32 35-24 29-29 
+ 8 7-62 17-86 
+ + 6 3-81 5-00 
+ + + + 20 16-19 17-14 
ae + + = 3 2-86 3-57 
- + - + 0 7” 0-00 
+ + 0 1-90 1-43 
+ + 0 0-00 
+ = 0 0-00 
Percentage of fositives in South 
Indians with the sera: 
82 67 92 27 100 100-00 100-00 


cludes the results obtained by Prasad et al.4 
for Indians, and the results for Hebrews in 
Canada® for comparison. 

Table II shows the Rh chromosome frequen- 
cies of South Indians compared with those ob- 
tained by Prasad et al. for Indians. 


TABLE II 
Rh Chromosome frequencies expressed as 
percentages 
South Indians 
Chromosome (P al.)* 
CDe 56-57 56-64 
cde 28-28 24-77 
cDE 9-40 10-48 
cDe 4-88 4-27 
CDE 0-87 0 
Cde 3-85 


Our results show a frequency for D-negative 
of 8 per cent. The figures obtained by other 
workers vary from 2 to 10 per cent. as pointed 
out by Prasad et al. The variation might be 
due to different workers testing different popu- 
lations, and probably also due to technical 
errors. The chromosome frequencies obtained 
by us agree closely with those obtained by 
Prasad et al. except for Cde and CDE. 

When the distribution of the phenotypes in 
South India is compared with the incidence of 
phenotypes in the different races in the world,5 
there is a striking resemblance with the pheno- 
types in Hebrews in Canada while some simi- 
larities and some differences occurred with some 
other races. We are not able to explain this 
interesting feature as we have insufficient 
ethnological data. 

When the Kahn tubes after the tests were 
soaked in 1: 1,000 nitric acid overnight and then 
cleaned in tap water, rinsed in distilled water 
and autoclaved for use, washed red cells in 
saline suspension in such tubes showed clump- 
ing even without the addition of the stock 
serum, due evidently to trace impurity of serum 
sticking to the wall of the narrow tube. But 
when a saline suspension containing unwashed 
cells was put into the tube no agglutination 
occurred. These were consistently seen in seye- 
ral observations spread over some days. This 
leads us to suspect that the serum may con- 
tain an inhibitor factor against agglutination, 
and porbably when this is present in high 
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concentration the prozone phenomenon occurs. 
Further work on the suspected inhibitor factor 
is in progress. Tubes soaked overnight in 
dichromate sulphuric acid mixture, brushed, 
cleaned in tap water and rinsed in distilled 
water and autoclaved did not give any false 
reactions. 

We wish to thank Dr. Mourant, Blood Group 
Reference Laboratory, London, the Rockfeller 


Nobel Award for Medicine and Physiology—1953 
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Foundation and the Ortho Pharmaceutical 
Company for the supply of the sera. 


1, Wiener, A. S., e¢ a/., 7. Jmmunol., 1945, 50, 341. 
2. Greval e¢ al., Nature, 1046, 157, 411. 3. Ranga- 
nathan e¢ al., J. /nd. Med, Assoc., 1948, 17, 162. 4. 
Prasad e¢ al., Am. J. Phy. Anthr., 1949, 7, N.S. No. 4, 
553. 5. Race and Sanger, “ Blood Groups in Man,”’ 
Table 28, Blackwell Scientific Publications, Oxford, 
first edition, 1950. 


NOBEL AWARD FOR MEDICINE AND PHYSIOLOGY—1953 


IHE NOBEL PRIZE FOR MEDICINE AND 
PHYSIOLOGY for 1953 has been awarded 
jointly to Prof. H. A. Krebs, Professor of Phy- 
siology in the University of Sheffield and Direc- 
tor of the Medical Research Council Unit for 
Research in Cell Metabolism, and Dr. F. Lip- 
mann, Head of the Biochemical Research Labo- 
ratories, Massachussetts General Hospital. 
Prof. Krebs has mostly been concerned with 
the study of metabolic processes by experimenis 
in vitro. The first of his two greatest contri- 
butions to biochemistry was from Freiburg in 
1932, when he elucidated the mechanism of 
urea synthesis in the liver, by discovering the 
participation of ornithine, citrulline and argi- 
nine through a cyclical process—a concept of 
unprecedented nature. His subsequent obser- 
vations on the deamination of amino acids 
demonstrated D-amino acid oxidase, and laid 
the foundations for future studies of the L- 
acids. In Cambridge in 1935 he proved the 
synthesis of glutamine from glutamic acid and 
ammonia in tissue slices. After moving to She- 
field, he announced in 1937 his second major 
contribution, the citric acid cycle. Before this, 
the path of oxidation of carbohydrates from 
pyruvate onward was unknown; although in- 
formation was available, its significance was 
not appreciated. Krebs supplied the missing 
evidence and the idea, again that of a cycle, 
and the problem was solved. The citric acid 
cycle has stood the test of time, requiring only 
amplification of detail; it is concerned with 
oxidation of fat and protein as well as carbo- 
hydrate, provides paths for glucdneogenesis and 
amino acid synthesis, andvis:the chief source 
of metabolic energy. In recent» years, Krebs’s 
laboratory has been particularly concerned with 
‘thé ‘movement of substances. across biological 
membranes) :and ‘he’ has studied the uptake of 
acid “and by tissue‘: célis, 


ryt af tir 


processes driven by energy from metabolism. 
He has also employed isotopes in the quanti- 
tative investigation of oxidative phosphoryla- 
tion and ion transfer. 

After studying the problems of muscle meta- 
bolism in Meyerhof’s laboratory and of fer- 
mentation in Carlsberg Laboratory, Lipmaan 
set the pattern for his future work when in 1937 
he began to analyse the oxidation of pyruvate 
to acetate by bacteria. He found that the oxi- 
dation is accompanied by phosphorylation, and 
announced from Cornell University in 1939 that 
the ‘energy-rich’ ester acetyl phosphate is an 
intermediaie. His celebrated article, “Metabc- 
lic Generation and Utilisation of Phosphate 
Bond Energy” (1941) organized and developed 
existing ideas and had the most profound in- 
fluence on subsequent biochemical thought and 
research. Moving to Bosion, Lipmann realized 
that acetyl phosphate is not formed in pyruvate 
oxidation in animal tissues; some other sub- 
stance had to be sought. By a happy coinci- 
dence his own researches led to its identifica- 
tion. Studying the biological acetylation of sul- 
phanilamide, he discovered a new coenzyme, 
coenzyme A (coenzyme of acetylation). Find- 
ing that it is a derivative of the vitamin panto- 
theni¢ acid and a general constituent of living 
organisms, he quickly realized that it is of fun- 
damental importance in carbohydrate and fat 
metabolism. By 1946 it was clear that some 
acetyl derivative stood at the entry to the citric 
acid cycle, on: the paths of carbohydrate and 
fat oxidation and ketone-body formation. The 
‘idea grew that this was the acetyl derivative 
‘of ‘coenzyme A, and was confirmed after -the 
Asdlation of this substance from yeast by Lynen 
‘and Reichert in 1951. In the meantime Lip- 
sMann persevered in the purification of co- 
Cenzyme A and as a result its structure has 
“fecently been == (By of Nature. ) 
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ROTHAMSTED EXPERIMENTAL STATION REPORT FOR 1952 


HE report records the progress of work of 

the Rothamsted Experimental Station under 
the Directorship of Dr. Sir William G. Ogg, 
covering the researches conducted in its 15 
departments. Brief accounts of the soil work 
in colonial territories, and of soil survey of 
England and Wales, and two special reviews, 
one on Micropredators in Soil and the other on 
the Production of Edible Proteins from Fyvesh 
Leaves are included. An introduction by the 
Director gives a summary of the researches 
conducted. 

Like the earlier reports, the present one covers 
a wide range of investigations, and a brief re- 
view can hardly do justice to the contents of 
the report. Although by nature of its func- 
tion, the research work at Rothamsted is 
directed towards applied agricultural aspects, 
the problems are, as far as necessary, tackled 
at their fundamental level and many results find 
confirmation in field trials. On several lines of 
investigation, sustained research over the past 
many years has either borne fruit or helped to 
clarify ideas on the subject. 

Another feature of Rothamsted research has 
always been its simultaneous approach on prob- 
lems from various angles. The report well 
illustrates this co-ordinated plan of work. One 
of the many striking instances of such team- 
work is the study of viruses, which is being 
pursued in its various facets by the Plant Patho- 
logy, the Biochemistry, the Botany, the Ento- 
mology and the Insecticide and Fungicide 
Departments. Work is proceeding in this man- 
ner on many other complex problems. 

Among the many researches presented in the 
report, there are some of special interest in 
India. Studies on fertilizer-placement and phos- 


phate availability are two such. Researches on the 
nature of soil organic matter have indicated a 
profitable approach to the problem. Deep- 
ploughing is reported to have counteracted in 
a drought year its beneficial effects in favour- 
able years. The tentative observation on the 
absence of any perceptible beneficial effect of 
krillium would help to temper possible enthu- 
siasm for synthetic soil conditioners. The pro- 
gress made in microbiological research is indi- 
cative of what can be achieved in India through 
a little additional attention to this much- 
neglected subject. Spraying nutrients on leaves 
may have wide applicable value, for the re- 
sults show that apart from the increase in yield 
or protein-content of crops, nutrients received 
through leaves seem to lead to the absorption 
of the complementary nutrients from the soil. 

The presentation of the investigations and re- 
sults is noteworthy. Even excluding the Farm 
and Field Experiments Section, the Rothamsted 
Report contains over a hundred distinct items 
of research reported on about as many pages. 
On each item, the repori is not only more or 
less complete; but also gives, where needed, a 
brief reference to earlier work, to collaborative 
investigations, and to the applicable value of 
the resulis obtained. Details of statistical check 
on results and references to the experimental 
conirols employed are rightly left out to be 
presumed. The presentation is such that the 
intelligent lay reader, after a perusal of the 
report, is hardly left in doubt as to the neces- 
sity or utility of the investigations. It would 
be a very desirable improvement indeed, if a 
way could be found to adopt such a style of 
presentation in our reports in India. 

N. L. Durr. 


BOSE RESEARCH INSTITU TE—3sTH ANNIVERSARY MEETING 


HE Thirty-Sixth Anniversary Meeting of the 

Bose Institute took place on November 30, 
1953, when Dr. N. K. Bose, Director, River 
Research Institute, delivered the 16th Acharya 
Jagadish Chandra Bose Memorial Lecture on 
“The Role of Silt and Sand in Multi-Purpose 
River Valley Projects”. 

In the course of his Report, Dr. D. M. Bose, 
Director, observed that the investigations. which 
the Institute has been deing during the last 
few years on the action of x-radiation in pro- 
ducing mutations in a few. economic plants, has 
obtained a certain amount of recognition, and 
that the Institute has, on invitation from the 
National Institute.of Sciences of India, submit- 


ted a five-year scheme, which may be extended 
by another five years, relating to investiga- 
tions on the mutagenic action of different kinds 
of radiation on plants. The latter will be 
selected mainly from the point of their suit- 
ability for genetic studies. ; 

Preliminary investigations started during last 
year have disclosed that beta radiation frorh 
radioactive phosphorus, which is_ selectively 
absorbed in plant nuclei, is a very convenient 
tool for inducing mutation in plants. New 
types of effects are being observed in certain 
varieties of jute, in addition to those obtained 
after irradiation trials with x-rays extending 
over many years. 
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NOTE ON THE ENERGY LEVELS OF 
TRIATOMIC MOLECULES* 


Ir has been possible to simplify the mathemati- 
cal theory of the asymmetrical top and the 
triatomic molecule by removing two of the 
Eulerian angles from the wave equation by a 
special artifice. An asymptotic expression for 
‘the eigen-values in the case of the asymmetri- 
cal top and the centrifugal and Coriolis cor- 
rections to the energy levels of the triatomic 
molecule have been obtained in closed forms 
for values of J exceeding 9 without solving any 
secular equation. 

The wave equation of the asymmetrical top 
with moments of inertia A, B, C and the purely 
rotational part of the wave equation for tri- 
atomic molecules are reducible to the ordinary 


differential equation 


g +ig’ u=0 
d¢ d¢ 


F=J (J+1) 
(1) 
where 
g=1-k cos 2¢, 
u=(E-cF) /( c- 
E=energy, a=h?/(8r?A), b 
c=h?/(82°C) 
and 


ke =(b-a)/(2c—a—b) 
is an asymmetry parameter whose values can 
be made to lie between 0 and 1/3. The lowest 
2J+1 eigen-values of Eq. (1) agree exactly 
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with those of the asymmetrical top. The equa- 
tion, further reduced, can be solved by the 
B.W.K. method. The eigen-value equation ob- 
tained from the second approximation is 


2 
0 


6 6 
an integer (2) 
where 

x=f--/g, f=1+F, r= 0=2¢, p*=f-». 

In Eq. (2) the pairs of eigen-values corres- 
ponding to an odd and an even function do not 
show any separation, contrary to what is known 
from the exact theory. This degeneracy is not 
removed in the higher approximations, and the 
situation limits the application of the B.W.K. 
method to the highest and the lowest levels which 
are essentially degenerate. But, at least half 
of the energy levels for a particular value of 
J can be obtained from the present theory. If 
we impose the restriction, »k/(f—¥») <™%, an 
expansion in powers of »k/(f—¥) is possible. 
In the case of maximum asymmetry corres- 
ponding to k=1/3, the series has the form 


103 x f(p?) = — 30-33,0086 y — 8-990,294 y? — 
1-201,758 y® — -4222,69 y* — -1177,46 — 
-04304 


+ pi {22°74,756 + 1:055,83y — 8-990,29 y2 — 


3-567,42 — 2-36,31 yt — 1-141 
where y =”/(f—¥”) = »/p?. This formula gives 
the energy of the highest level with an accu- 
racy of 1 in 107 at least. 

Triatomic molecules——In the case of triatomic 
molecules a perturbation calculation gives the 
corrections to energy arising from centrifugal 
stretching and the interaction between rotation 
and vibration as averages of operators of the 
type P,?, P,‘, etc, over an eigen-function of 
Eq. (1). An examination of the Hamiltonian 
shows that the first order correction E‘!) 
vanishes exactly, and the second order cor- 
rection can be put into the form 

E® 22 wPiPs, (i, j=1, 2, 3, 4) 


where, for brevity, we have written P,, Ps, Ps, 
P,, for P,?’, P,’, P,*, PePy+P,P, respectively. The 
bars denote averages over the normalized eigen- 
function of Eq. (1) and p,¢;, t% are combina- 
tions of integrals over the vibrational func- 
tions. 

In calculating the average values of the vari- 
ous operators we take, for the square of the 
rotational function u, the following approximate 
expression 
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u’=4(gx)4 [1 + cos | 


and then show that the second term makes a 
negligible contribution to the integrals, if J 
exceeds 9 and -» satisfies the inequality 
vk/(f—») <%. If certain small terms are 
neglected the integrals then assume the surpris- 
ingly simple forms 


Ps=-+ 


with 
or 


1N*=4 [g*x-tae 


The centrifugal expansion terms 1jpip, are 
evaluated in exactly the same way. For in- 
stance, 
Be 
0 
All the integrals occurrring in the problem 
can be evaluated exactly in terms of elliptic 
functions. The dominant term in the eigen- 
value equation (2) has the value 


[A-Z (1 K’+ Vf 


in the standard notation, where A and y are 
constants depending on k and »/f. 

Complete calculations will be published else- 
where. 

For interest and encouragement I offer my 
sincerest thanks to Professors S. N. Bose, M. N. 
Saha and S. K. Mitra. 

Depi. of Physics, SupHANSU DATTA MAJUMDAR. 
Calcutta University, 
Calcutta, November 28, 1953. 


* Communicated by Professor S, N. Bose, Head of 
the Department, 


ACHROMATIC COMBINATION OF 
TWO LENSES SEPARATED 
BY A DISTANCE 


THERE is a minor error in the note by Mahendra 
Singh Sodha and Amara Nath Nigam on this 
subject.1 The focal length of a combination of 
two lenses separated by a distance d is given by 
1/F=A(u-1)+A’‘ (u-1) 
but not as given by the authors with the last 
term having the positive sign. Consequently, 
the condition for achromatism is given by . 
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A (du/dd)+A’ (du')dd)— AA'd ((u— 1) (du'/dd) 
+(u'—1) (du/dd)}=0 
The engeaeiene. for the coefficients Cj, C, and 
Cz are 
C,=Aca {A‘d (u»'-1)-1} 
C,=A'c'a’ {Ad 
C;=AA'ce'd 
Eqs. (7) and (8) are not altered by this 
correction, but Eq. (10) giving the constant 
focal length of the system should be altered as 
1/F =A(u )-1)+A' (u5'—1)— AA'd 1) 1). 
An interesting result follows from this when 
the two lenses are of the same opiical mate- 
rial. We have 
= A’ ro) 
This may be rewritten as 
1/Ad=(u9— Ao’) 
1/A’d — 1) +0" 
If the material of both the lenses is the same, 
then 
C=C’ and Ao=Ao’. 
Hence 
1/Ad+1/A’d=2 (u.-1) 
or 
d=} (f+f') 
where f and f’ are the focal lengths of the two 
lenses for the refractive index #»o. This result 
is similar to the one generally used in the 
design of: eye pieces consisting of two plano- 
convex lenses. 
Madras Institute M. V. RADHA KRISHNA Murty. 
of Technology, 
Chromepet, September 29, 1953. 


1. Curr. Sci., 1953, 22, 232. 


ORIENTATION POLARIZATION FROM 
SOLUTION DATA 
In a recent note Palit! has derived an expres- 
sion for directly computing orientation polar- 
ization from dilute solution data. It is the 
object of this note to point out that the author? 
has already derived’ a similar expression on 
the basis of (a) the Clausius-Mosotti expres- 
sion for dielectric polarization, and (b) the 
linear dependence of specific volume of solu- 
tion on concentration. 
Comparison of the author’s expression, 


{ 3¢ ) 
oP: = (v, +A) +3v, 
f 
lossy, 


with Palit’s equation (expressed in the author’s 
notation), 


(3 (1 + { 3a 
d; (€,+2)(ny?+2) ! 
{ } 

d, (n 
reveals that since 7, = 7/2n,, the only differ- 
ence between these two expressions is the 
occurrence of a factor (v, + B) in the first term 
of the author’s equation in place of the factor 
(1— f,/d,)/d, in the corresponding term in 
Palit’s equation. This difference is due to the 
fact that Palit assumed linear dependence of 
censity of solution with concentration, whereas 
the author considered specific volume to be 
linear. Since the linearity of specific volume 
with concentration in dilute solutions is justified 
theoretically under certain conditions? and also 
on the basis of experimental observations*:4 we 
have, 

v =v, + Bur, 
1/v = 1/(v, + pos) — 
fwe/v;<1 in dilute solutions] 


op: => 


whereby 


d = 1/v,=(d, — 


or, 
(v,+ B) =(1 — Bo/dy)/dy, 

thus making Palit’s expression identical with 
thai derived by the author. 

It may also be pointed out here that the 
basis of Palit’s expression is the equation 

which is one of the ways of writing the Clausius- 
Mosoiti expression as applied to dilute solu- 
tions. Hence Palit’s initial procedure of 
substituting in his original equation the expres- 
sions for the linear variation of dielectric con- 
stant and density of solution with concentra- 
tion amounts to a procedure identical with that 
adopted by Le Févre and Vine® in their deriva- 
tion of an expression for the computation of 
total polarization. The rest of the procedure 
adopted by Palit is identical with that of the 
author.2 It may be pertinent here to add that 
even the observed linearity of dielectric con- 
stant of a dilute solution with concentration has 
been quantitatively explained by the author® 
on a basis of the Clausius-Mosotti expression. 


National Chemical Lab., B. R. Y. IvENGAR. 
Poona-8, October 13, 1953. 


1. Palit, J. Amer. Chem. Soc., 1952, 74, 3952. 2. 
Iyengar,3 Curr. Sci., 1950, 19, 282. 3. Smith and 
Cleverdon, Zrans. Faraday Soc., 1949, 45, 109. 4. 
Le Févre, /did., 1950, 46,1. 5. Le Févre and Vine, 
J. Chem. Soc., 1937, 1805. 6. Iyengar, Curr. Sci., 1950. 
19, 150. 
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ESTIMATION OF DITHIONATE 


Estimation of. dithionate presents a difficult 
problem as ii is resistant to many of the com- 
mon oxidising agents. Potassium permanganate 
(acidic or alkaline), potassium dichromate, bro- 
mine in “Statu .Nascendi” or ammonium vana- 
date have no perceptible action on dithionic 
acid or .its-salts under the usual conditions. On 


vigorous boiling, however, acidified dichromate! 


and vanadate’. attack the dithionate and con- 
vert it quantitatively into sulphate. Mayer and 
Peyfuss* recommend the use of concentrated 
hydrochloric acid to liberate bromine from a 
solution of a mixture of bromate and bromide 
at the boiling point to oxidise the dithionate 
in solution. 

In the course of studies on the preparation 
and behaviour of sulphur compounds,*:® it was 
found necessary to develop a rapid and reliable 
method for the estimation of dithionate in pre- 
sence of other sulphur compounds. Taking into 
account the abovementioned observations a 
simple method was evolved for estimating the 
dithionate in presence of sulphide, sulphite, 
thiosulphate and other polythionates. A brief 
account of this procedure is given below. 

An aliquot containing dithionate and any or 
all the other sulphur compounds (like sulphide, 
sulphite, thiosulphate and polythionates) is 
first treated with alkaline permanganate to oxi- 
dise all the sulphur compounds except dithio- 
nate. The alkaline permanganate can be made 
by adding 10-15 ml. of saturated permanganate 
solution to 10-15ml. of 10 per cent. sodium 
hydroxide. After about 15 minutes, the excess 
of permanganate is‘ removed: by the addition 
of 2 per cent.. manganous sulphate solution. 
The resulting manganese dioxide is filtered and 
washed off. The filtrate containing only dithio- 
nate is acidified with sulphuric ‘Acid in excess 
(10N) and boiled for an hour with a known 
excess of potassium dichromate solution. After 
cooling, the- excess of dichromate is estimated 
iodimetrically. A blank is also run and the 
dithionate equivalent of dichromate consumed 
is calculated. 

The method evolved is found to be more con- 
venient ‘than the one described by Lang and 
Kurtenacker,2’ using an acidified solution of 
ammonium vanadate. 

The present procedure was standardised using 
deci- and centi-normal solutions of sodium and 
barium Withionates. These salts were prepared 
according to the ‘procedure’ described by Pfan- 
stiel.?7 The results of some representative ana- 
lysis are given in the table. 
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Estimation of Dithionate 


Quantity of Dithionate Estimated 


Quantity of 
Dithionate end 
Taken Present 
Kartenacker’s Error Error 
Method Method 
1 29-84 29-56 -—0-9 29-68 -0°-5 
2 18-68 18-44 —1-3 18-54 -0-7 
3 . 16-24 15-02 —-1-2 15-12 
4 8-76 8-67 0-9 8-71 —-0°5 
5 4-87 4-81 1-2 4-84 —-0-6 
6 2-75 2-72 1-1 2-77 +0-8 
* Quantities of dithionate are expressed in terms of 
mg. of sulphur. adaasi 


It can be seen from the table that the tanita 
evolved gives better results than the Vanadate 
method. 

The author wishes to, express his grateful 
thanks to Prof. K. R. Krishnaswami and 
Dr. M. R. A. Mee Sr. tole bind interest in 
work. 

Dept. of Gen. Chem., A. R. VAsupEvA Murty. 
Indian Institute of Science, 
Bangalore-3, September 21, 1953. 


1. Glasstone and Hickling, Jour. Chem. Soc., 19338, 5. 
2. Lang and Kurtenacker, Z. ana/. chem., 1942, 123, 81. 
3. Mayer and Peyfuss, Z. anorg. allgem. chem., 1923, 
131, 203. 4. Vasudeva Murthy, A. R., Proc. Ind, 
Acad. Sci., 1952, 36, 388. 5. —, Zdid., 1952, 36, 425. 
6. Stamm, Newer Methods of Volumetric Analysis, 
Van Nostrand Company Inc., New York, 1938, 5651. 
7. Pfanstiel, /norganic Synthesis; Vol. U1. (McGraw-Hill 
Book Company Ltd., New York, London, 1946, 167. 


ELECTROLYTIC REDUCTION OF 
SALICYLIC ACID TO SALICYL- 
ALDEHYDE 
SALICYLALDEHYDE is used largely in the synthe- 
sis of coumarin which is an important fixative 
in the industry of perfumes and flavouring 
essences. The general method of preparation 
of salicylaldehyde consists in heating phenol in 
alkali with chlorgform, a process usually known 
as the Reimer-Tiemann reaction. Two isomers, 
with simultaneous ortho- and para-substitu- 
tions, are obtained by this method, the former, 
salicylaldehyde, being distilled in steam and 
so separated from the latter. The overall yield 
by this method is poor. Oxidation of ertho- 
cresol to salicylaldehyde is also another method 

that is carried out on an industrial scale. 
The electrolytic reduction of salicylic acid 
to salicylaldehyde has been patented by Hugo 
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Weil! and later by Mettler.2 The excellent re- 
sults claimed by these authors couid not be 
confirmed by Tesh and Lowy* who carried out 
a thorough investigation of this process. The 
latter obtained, using sodium bisulphite for fix- 
ing the aldehyde as it was formed, yields ap- 
proximating to 55 per cent. Lowy’s results, 
however, were not reproducible by others? whe 
reporied that they could obtain only 34 per 
cent. yield, according to his procedure. We re- 
peated the experiments but could obtain not 
more than about 28 per cent. yield, following 
-carefully Lowy’s conditions. Very recently 
May and Kobe® showed the importance of stir- 
ring in the reduction, using mercury as cathcde, 
and obtained a maximum conversion of 50 per 
cent. 

A thorough investigation of the process of 
electrolytic reduction of salicylic acid to the 
aldehyde has been undertaken in this Labora- 
tory and as a result of the work done so far, 
conditions have been standardized to obtain 
consistent yields of 55 per cent. of salicylalde- 
hyde, using mercury as cathode, and nearly 43 
per cent. using a rotating cathode of amaiga- 
mated copper. 

Procedure.—2lb. of mercury in a 600c.c. 
beaker of Pyrex glass served as cathode. 10g. 
of sodium sulphate and 30g. of boric acid in 
120c.c. water formed the initial catholyte. A 
blade type stirrer was employed to stir the 
catholyte. 14g. of salicylic acid in 32-3c.c. of 
3-01 N/sodium hydroxide was added in amounts 
of 10c.c. at a time, at intervals of 10 minutes 
(nearly 43 c.c.), the last addition being only 
about 3c.c. 12g. of sodium bisulphite were 
added during the course of reduction, in one 
gram lots every 5 minutes. The temperature 
was maintained at 15-18°C. and the current 
density at approximately 12 amps/dm2 A 
small porous pot supported on a glass tripod 
inside the beaker served as the anode compart- 
ment where a 10 per cent. sodium sulphate 
solution was used as anolyte with a lead strip 
as anode. 

After the theoretical amount of current was 
passed, stirring was continued for half an hour 
longer and then the catholyte separated irom 
mercury, neutralized with 20c.c. concentrated 
sulphuric acid made up to 100c.c. and steam 
distilled. Salicylaldehyde was ether extracted 
from the distillate, washed with sodium bicar- 
bonate solution to remove any acid, dried over 
anhydrous sodium sulphate and the ether dis- 
tilled off. 55 per cent. yield has been obtained 
in a typical experiment. In another experi- 
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ment, using double the quantities of chemicals, 
the same yield has been reproduced. 

Attempts had been made by earlier workers 
to replace the large quantity of mercury by 
means of amalgamated cathodes, but without 
much success. Tesh and Lowy? obtained only 
traces of aldehyde at an amalgamated copper 
cathode. May and Kobe® used amalgamated lead 
and iron cathodes and did not find them suit- 
able as a practical method. 

The use of amalgamated brass and copper 
cathodes has now been investigated thoroughl; 
with a fair degree of success. A rotating 
cathode with a number of discs (approximate 
area—0-55 dm.2), of the type used by one of 
us in an earlier investigation® was used. Ait an 
amalgamated brass cathode 40 per cent. yield 
of salicylaldehyde was obtained using the same 
quantities of chemicals as above while at an 
amalgamated copper cathode, the yield was 
42-5 per cent. 

Strangely enough, using a stationary amalga- 
mated cathode and an auxiliary stirrer, under 
identical experimental conditions, the yield of 
the aldehyde was observed never to exceed 10 
per cent. 

Further investigations using cathodes of 
amalgamated lead and other metals are in pro- 
gress and full details would be published 
elsewhere. 

Central Electro-Chemical B. B. Dey. 

Research Institute, H. V. K. Upbupa. 
Karaikudi, November 9, 1953. 


1. Weil, H., German Patent, Dec. 9, 1906, 196,239. 
2. Mettler, C., Ber., 1908, 41, 4148-50. 3. Tesh, K. S. 
and Lowy, A., 7'rans. Electrochem. Soc., 1924, 45, 37-48. 
4. Rutovskii, B. N. and Korolev, A. 1., Zvrans. Sei. 
Chem. Pharm. Inst., U.S.S.R., 1928, 19, 177-79. 5. 
May, J. A. and Kobe, K. A., /. Electrochem. Soc., 1950, 
97, 183-89. 6. Wilson, C. L. and Udupa, H. V. K., 
Jbid., 1952, 99, 289-94. 


SZILARD-CHALMERS REACTION 
WITH COBALT PHTHALOCYANINE 
A SAMPLE of cobalt phthalocyanine was irra- 
diated with thermal neutrons in nuclear reactor 
at Harwell. It was dissolved in warm concen- 
trated sulfuric acid. The phthalocyanine was 
reprecipitated by very gradual addition of a 
large excess of water (containing small amounts 
of cobalt sulfate), with continuous stirring, to 
the cooled acid solution. The precipitate was 
filtered out and decomposed by repeated treat- 

ment with fuming nitric and sulfuric acids. 
‘Equal Weight’ cobalt samples of separable 
and retentive activity were obtained, by electro- 
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deposition from ammoniacal solutions of 
cobalt sulfate, containing hydrazine sulfate and 
ammonium sulfate. An electrodeposition cell 
with rotating carbon anode was used. The sam- 
ples were measured at fixed geometry by means 
of an end-window G.M. tube. 

The yield of the separable activity was about 
95-5 per cent. The small retention obtained is 
in harmony with the fact that the phthalo- 
cyanines have a planar structure, thus offering 
little hindrance to the recoil cobalt atom. 
Chemistry Division, AMAR NATH. 

AEC, Bombay 26, JAGDISH SHANKAR. 
November 14, 1953. 


A SIMPLE PAPER CHROMATOGRAPHIC 
METHOD FOR THE ESTIMATION 
OF VITAMINS B, AND B, 


THE use of paper chromatography for the sepa- 
ration of vitamins B, and B, (Riboflavin) has 
been reported.!-6 There is, however, very little 
information available on the application of this 
technique to the quantitative estimation of these 
vitamins. Brown and Marsh’ have described a 
paper chromatographic procedure for the quan- 
titative estimation of the four water-soluble 
vitamins—B,, B,, By, and_ nicotinamide 
by means of a spectrophotometer with an auto- 
matic scanning device, to measure the total 
uliraviolet absorption. Quantitative determina- 
tions were made by measuring the areas of the 
zones of absorption corresponding to each com- 
ponent and comparing them with those of stand- 
ard solutions. This method obviously cannot 
be used generally in ordinary laboratories lack- 
ing special equipment. The present com- 
munication deals with a simple and rapid 
method which can be used for the simultaneous 
separation, identification and quantitative deter- 
mination of the two vitamins by circular paper 
chromatographic technique.’ 

The solution (5-10) containing the two 
vitamins (0-5-2-5 ug. of B, and B,) was 
spotted on the circumference of a_ circle 
(2°:2cm. diam.) drawn at the centre of a circu- 
lar filter-paper (18-5cm. diam.). Standard 
solutions of the vitamins were spotted on either 
side of the test sample. Immediately after spot- 
ting, while still damp the spots were exposed to 
the vapours of cyanogen bromide and ammonia 
kept in separate petridishes and covered with a 
bell jar. The paper was allowed to remain for 
about 10-20 minutes until the spots were almost 
dry. By this treatment vitamin B, was transform- 
ed into thiochrome by cyanogen bromide. The 
paper was then removed and developed as usual 
by using n-butanol-acetic acid water (40: 10: 50) 


as solvent mixture. After development the 
paper was dried at room temperature. The 
bands relating to thiochrome and riboflavin, 
which separated into two distinct bands, the 
thiochrome band occupying the position above 
the riboflavin band, were identified by their 
characteristic fluorescence, when observed 
under a filtered ultra-violet lamp (Phillips HP 
125 W. analysing lamp). The use of cyanogen 
bromide in place of alkaline ferricyanide re- 
agent, which is commonly used for transform- 
ing vitamin B, into thiochrome, was suggested 
by Fujiwara and Mutsui,® and it is best suited 
for the identification of the vitamin by paper 
chromatography. 

For quantitative estimation the bands relat- 
ing to the vitamins were outlined with a pencil 
keeping the paper under U.V. lamp and 
cut out. The thiochrome extracted 
from the paper with 6c.c. of water and 
the fluorescence measured in Klett 
Flurometer. The riboflavin  was_ similarly 
extracted with acidified water and the fluores- 
cence measured.‘ By comparing the intensity of 
the fluorescence of the test sample with that 
of the standard solutions of the vitamins spotted 
on the same paper the amount of the vitamin 
present in the sample could be determined. A 
number of multi-vitamin preparations were 
tested by the above method and the results 
were reproducible to between 1-5 per cent. of 
the mean of four determinations for both the 
vitamins. A linear relationship between the 
intensity of fluorescence and the amount of the 
vitamins was found over the range 0-5-2-5 ug. 
of each of the vitamins. A rough quantitative 
estimation of the vitamins was also possible by 
visual comparison of the intensity of the fluores- 
cence of the bands with that of known amounts 
of the vitamins chromatographed on the same 
paper. 

The method, being simple and rapid, is suit- 
able for routine analysis of multivitamin pre- 
parations. 

Dept. of Biochemistry, 
Indian Inst. of Science, 
Bangalore-3, September 21, 1953. 


1. Beran, M. and Sicho, V., Chem. Listy., 1951, 45, 
154. 2. Cacioppo, F. and La Gruetta, G., Bull. Soc. 
ital. biol. sper., 1950, 26, 1011, 1347. 3. Malyoth, = 
and Stein, H. W., Biochem. Z., 1952, 323, 265. 
Crammar, J. L., Nature, 1948, 161, 349. 5. Hale, 
I. M. and Pecakova, L., 7éid., 1949, 163, 768. 6. Radha- 
krishnamurty, R. and Sarma, S. P., Curr. Sci., 1953, 
22, 209. 7. Brown, J. A. and Marsh, M. M., Anal. 
Chem., 1952, 24, 1952. 8. Giri, K. V. and Rao, N. A. 
N., Nature, 1952, 169, 923; . Ind. Inst. Szi., 
1952, 3, 95. 9. Fujiwara, M. and Matsui, K., Asal. 
Chem., 1953, 25, 810. 


K. V. Grrr. 


1 


374 


GRAVIMETRIC DETERMINATION 
OF COPPER WITH RESACETO- 
PHENONE 


Cooper! introduced resacetophenone as a re- 
agent for the detection of ferric iron in a weakly 
acid medium. This author reported that neither 
copper nor cadmium gave any precipitate in an 
acid medium (0:06N hydrochloric acid; pH 
1:56). In the course of investigations on the 
analytical applications of aromatic o-hydroxy- 
carbonyl compounds, the present author found 
that resacetophenone precipitates copper from 
a weakly acid solution buffered with sodium 
acetate (pH 5-6-6-2), while cadmium, cobalt, 
nickel and zinc remained in solution and did 
not interfere. The green precipitate obtained 
was soluble in ammonia producing a violet 
colour, the intensity of which increased with 
time. Preliminary experiments indicated a pro- 
portionality between colour interisity and cop- 
per content. (This aspect is being investigated 
in detail.) The copper complex was soluble in 
sodium hydroxide without decomposition, and 
was reprecipitated by adding acid. It was 
soluble both in dilute mineral and acetic acids. 
The complex decomposed only at ca. 220°C. 
and could be readily dried to constant weight 
at 130°C. The anhydrous product on analysis 
(ignition to the oxide) contained 17-32 per 
cent. copper; (C,H,O,), Cu required 17-39 per 
cent. copper. The structure of the complex is 
given below: 


OH OH 


| | 
HsC-C=0 O=C—CHs 


The following procedure was adopted for the 
gravimetric estimation of copper : 

The copper solution (neutral copper sul- 
phate) was pipetted out into a beaker, acidi- 
fied with dilute hydrochloric acid,. diluted to 
about 100c.c., an excess of solid resacetophe- 
none (0:4g.) added and the solution heated 
to boiling. Sodium acetate (l5c.c.: 35 per 
cent. solution) was gradually added with stir- 
ring. The precipitate was digested on a hot 
plate for an hour, filtered hot through a sin- 
tered glass crucible (No. 3) and washed with 
hot water till the filtrate was free from 
resaceteophenone (ferric chloride colour re- 
action). The precipitate was dried to constant 
weight at 130°C. (two hours). 
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Typical results are recorded below: 


Copper 
Error % © 
Taken (mg.) Found (mg.) 
64-5 64-2 -0-5 
64-5 65-0 +0-8 
64-5 64-0 
64-5 64-9 +0-6 
64-5 64-5 0-0 
64-5 64-3 -0-3 
32-2 32-2 0-0 
32-2 32-0 —0-6 
16-1 16-1 0-0 


The maximum error is 0-8 per cent. on 
amounts of copper ranging from 16-65 mg. 

The author wishes to thank Professors V. 
Baliah and K. Neelakantam for their kind in- 
terest in the work. 
Dept. of Chemistry, 
Annamalai University, 
Annamalainagar, September 18, 1953. 


V. V. RAMANUJAM. 


1. Cooper, Jd. Eng. Chem., Anal, Ed., 1937, 9, 334, 


TOXIC EFFECTS OF SANGUINARINE 


Om extracted from the seeds of argemone 
mexicana has been incriminated as the cause 
of epidemic dropsy for a long time which has 
further been supported by the epidemiological 
studies and animal experiments of Lal!.2 and 
Chakravarti and Chaudhuri.’ 

Experiments similar to those of Sarkar‘ pro- 

duced 82 per cent. mortality in one batch of 
albino rats and 75 per cent. in another batch 
with an average L.D. of 78-5 as against 100 
of Sarkar.* 
' Our next objective was to assess the effects 
produced on rhesus monkeys by pure san- 
guinarine hydrochloride and _ alkaloid-free 
argemone oil prepared by Roy and confirmed 
by Bailey® (private communication). 

A group of rhesus monkeys weighing 5-6 lb. 
was divided into 6 batches. To one batch 1 ml. 
of alkaloid-free argemone oi] was given orally 
every sixth day, to another a similar dose was 
given by injection at the same interval, while 
to the third batch the same dose was given 
orally every day. To the fourth batch 0-44 mg. 
of sanguinarine hydrochloride was injected 
daily, to the fifth every sixth day and the 
sixth batch was given the same dose orally 
every day. The animals were observed for 
65 days and no toxic effects were manifested 
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in them. At this stage the solution of san- 
guinarine hydrochloride was again tested on 
albino rats and found to retain its lethal potency. 
The dose of sanguinarine hydrochloride was 
increased to 1mg. From the sixty-sixth day, 
to batch No. 1, 1mg. of sanguinarine hydro- 
chloride was injected every fifth day for 102 
days with no effect, while to batch No. 2, 1 ml. 
of pure argemone oil was given by injection 
and the animal developed swelling of hands 
and feet on the thirtieth day. 

It was also observed that when sanguinarine 
hydrochloride was injected intraperitoneally to 
5 albino rats in a dose of 25g. per 100g. 
body weight daily for 43 days, there was no 
effect; rather their body weight increased. 
Three batches of guinea pigs, 6 in each, were 
taken. To one pure argemone oil, to another 
alkaloid-free argemone oil and to the third 
pure mustard oil in a dose of 0:-3ml. per day 
was given orally for 40 days with no effect, 
and the animals gained in weight. 

From the above it is concluded that (a) with 
a dose of 2mg. of sanguinarine hydrochloride 
per 100g. body weight, only 78-5 per cent. of 
albino rats died; (b) alkaloid-free argemone 
oil had no effect on the rhesus monkeys; (c) of 
the substances present in pure argemone oil, 
0-44 mg. of sanguinarine (the amount 
present in 1ml. of the oil) or 1-0 mg. 
of the substance in aqueous solution did 
not produce any morbidity in ’the monkeys. 
From these one may deduce with reasonable 
certainty that with the doses used by us neither 
alkaloid-free argemone oil nor sanguinarine 
hydrochloride produced manifestations of 
human epidemic dropsy in rhesus monkeys. 
The purity of sanguinarine hydrochloride was 
confirmed by Bailey? of Dyson Perrins’ Labora- 
tory, Oxford. Further work is in progress. 

Our grateful thanks to Professor B. Narayan 
for his interest and to the Bihar Board of 
Medical Research for a grant to carry out the 
investigations. 


Public Health Lab., S. B. Lat. 
Patna-4, A. C. Roy. 
May 4, 1953. : G. ACHARI. 


1. Lal, S. B., wd. Med. Gaz., 1951, 86, 64. 2. —, 
Jbid., 1952 (In press). 3. Chakravarti, N. K. and 
Chaudhury, R.N., /did., 1951 (In press). 4. Sarkar, 
S. N., Mature, 1948, 162, 165. 5. Roy, A.C., Curr. 
Sci, 1950, 27, 947, 6. Bailey, A. S., 1951 (Dyson 
Y’errins Laboratory, Oxford). 7. —, 1953, 7did. 
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OCCURRENCE OF BOTRYOCOCCUS 
IN EOCENE .LIGNITES OF CUTCH 
Asout a mile north of Waghapadar (230-29’ 
lat.; 68-45’long.) a small village in Cutch, 
Western India, there occurs a lignitic bed, 
which is regarded by Wynne‘ and also Nuital- 
as Middle Kirthar (Eocene). This lignitic bed 
is overlain by a bed of carbonaceous shales ; 
this in turn is overlain by gypseous shales. 
From the above beds some samples were col- 
lected by Mr. B. S. Tewari and kindly made 
over to me for study. These pieces of lignite 
were macerated in pure nitric acid for about 
a week, washed; in disiilled water, centrifuged 
and treated with 10 per cent. solution of KOH 
for about an hour. They were finally washed, 
centrifuged and mounted in pure glycerine. A 
careful examination of all the slides showed 
that there were no other microfossils except 
numerous colonies of cells, yellowish or yellow 
green in colour. These colonies are round 


(Fig. 1) or concave, or several such are con- 


Photographs 1-6; all magnified 680 times 
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nected together into a compound colony, often 
round a central cavity (Figs. 2-6). The colonies 
range from 10 to 150 in size. The outlines 
of the individual cup or thimble in which the 
cells are placed are clear and in some cases 
even the undivided contents can be seen 
(Fig. 1). Microtome sections were made to 
elucidate this point further but without suc- 
cess. Staining the colonies with Gentian violet 
and Safranin was also not helpful. In appear- 
ance, structure and dimensions, the microfossils 
are remarkably like the oil-bearing brackish 
water alga Botryococcus braunii. This alga, 
according to some, is known in a fossil state 
from the Ordovician onwards. In _ India 
B. braunii has also been reported from the Eocene 
beds of Palana in Bikaner.* 8B. braunii has 
also been recently reported from the Tertiary 
(Oligocene and Miocene) deposits of Australia.! 
The occurrence of B. braunii in these Cutch 
lignites supports the Eocene age attributed to 
these beds on the basis of other geological and 
palzontological(?) data. So far as I am aware, 
the occurrence of this alga in the lignites of 
Cutch has not yet been reported. 

My thanks are due to Dr. A. R. Rao for his 
guidance and criticism, to Prof. S. R. N. Rao 
for his constant encouragement and help and 
to Mr. Tewari for the material. This work was 
carried out during the tenure of a Government 
of India Senior Research Scholarship. 


Geology Dept., K. P. VIMaAL, 
University of Lucknow, 
Lucknow, September 12, 1953. 


1. Cookson, I. C., Mem. Nat. Mus. Melbourne, 
May 1953, 18, 107. 2. Nuttal, W. L. F., Rec. Geol. 
Surv. Ind., 1926, 59, 115. 3. Rao, S.R. N. and 
Misra, S.S., Curr. Sci., 1949, 18, 380. 4. Wynne, A. S., 
“Geology of Cutch,” Geol. Surv. Ind. , 1872, 9. 


AGMATITES IN BUNDELKHAND 
GRANITES AND GNEISSES ANDTHE 
PHENOMENON OF GRANITISATION 


THe Bundelkhand granite of the type area, 
which has been correlated with Berach river 
granite of Mewar by Heron,! is supposed to be 
the oldest rock of India. Heron regards the 
Berach granite as_ pre-Aravalli, therefore, 
pre-Dharwar in age. During recent years 
Misra?;3 and his co-workers have carried out 
detailed geological study of these rocks in 
the districts of Hamirpur and Jhansi, and have 
clearly recognised the intrusive nature of 
Bundelkhand granite. 


Current 
Science 


Misra*t pointed out the presence of hybrid 
gneisses in Mahoba (79° 53’: 25°10’) area, 
resulting from the granitisation of the older 
schistose rocks. The remnants of these older 
schisiose rocks are found in these granitic 
masses as black xenolithic patches as well as 
unattacked out-crops. Prof. Sederholm'.6 in- 
troduced the term agmatite to replace the terms 
‘eruptive breccia’ and ‘intrusive breccia’ in his 
well-known memoirs on migmatites and asso- 
ciated pre-Cambrian rocks of South-Western 
Finland in 1923-26. The term refers to the 
fragments of older rocks, which occur cemented 
by granitic material. These agmatites have also 
been described by Hsing-Yuan Ma™ from the 
Rogart Migmatite area, Sutherland. Ma conclud- 
ed that the two varieties of agmatites described 
from the Rogart area were formed-in situ from 
solid rocks as a result of recrystallisation 
dependent on introduction, diffusion, fixation 
and expulsion of migrating chemical elements 
probably in ionic state. 

In Bundelkhand, agmatites were first found 
in Kabrai area (Hamirpur District, Uttar Pra- 
desh) in a small hillock on the eastern abut- 
ment of the Kabrai dam in the form of black 
xenolithic patches in granites and hybrid 
gneisses (Figs. 1 and 2). The outcrops are 


Fic, 1 


Fic. 1. A sketch of a rock slab measuring 6’ x 4 
exposed on the small hillcck edjacent to the eastern 
abutmert of Kabrai dam. The sketch shows stage in 
the granitisation of biotite schist (heavy black lines). 
Granitic cement stippled; pegmatitic veins shown by 
irregular mesh. 


clearly exposed as a result of quarrying for 

aggregate material for the Kabrai dam. 
These patches range from 1%” to %’ across. 

They represent remnants of unassimilated bio- 
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tite schist. The schistosity in some cases has 
been obliterated due to a certain amount of 
recrystallisation during the course of granitisa- 
tion. They afford an excellent example of 
granitisation and the complete sequence of 
events which have taken place in the transfor- 
mation of biotite schist into a biotite gneiss can 
be traced. 


Fic. 3 


2 
Fic. 2. Showing a dark patch of biotite schist in 


granitic cement. FIG. 3. Showing ptygmatic vein in 
hybrid gneiss. 

The colour of the schist fragments becomes 
lighter as the transformation takes place. This 
depends upon the progressive development of 
leucocratic lenticles of sodic plagioclases and 
quariz. Ultimately, the schist fragments fade 
out into the surrounding gneisses. Other fea- 
tures of granitisation like the presence of 
ptygmatic veins (Fig. 3) may also be seen in 
the area. 

Some of the gneisses retain original schis- 
tose fabric. The replacement of biotite schist 
by granitic material, the presence of agmatites 
and the presence of ptygmatic veins suggest 
that these agmatites have developed in situ. 
They represent the patches of schist, which have 
escaped assimilation. It may also be concluded 
from the above that they merely represent a 
stage in granitisation. 

These agmatites have also been observed at 
other places, viz., Kulpahar, Jhansi and Orcha 
in Bundelkhand. A more detailed account of 
these agmatites will be published elsewhere. 

I am grateful to Dr. R. C. Misra under whose 
guidance this study has been undertaken. 


Dept. of Geology, M. N. SAXENA. 
Lucknow University, 
Lucknow, August 1, 1953. 


1. Heron, A. M., em. Geol. Surv. Ind., 1936, 68, 
Pt. I, 5. 2 Misra, R.C., Proc. 36th /nd. Sci. Congr., 
1949, Part III, 112. 3. Misra, R. C., Mathur, P. C., 
and Saksena, M. N., Proc. 22nd Annual Meeting, Nat. 
Acad. Sci. Ind., 1952. 4. Misra, R. C., Proc. 35th 
Ind. Sci. Congrs, 1948, Part TI, 144. 6, Sederholm, 
J. J., Bull. Comm. Geol., Finlande, 1923, No, 88, 117. 
6. —, Jbid., 1926, No. 77, 17. 7. Hsing-Yuan Ma, 
Geol. Mag., 1948, 85, 1. 
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SEX CHANGE IN THE OVIPAROUS 
INDIAN BACKWATER OYSTER, 
OSTREA MADRASENSIS PRESTON 


Tue adult larviparous oysters are always her- 
maphrodite whereas the oviparous ones are of 
separate sexes. Following the discovery of a 
single hermaphrodite individual in one species 
of oviparous oyster by Kellog,® other workers, 
viz. Burkenroad,* Loosanoff,6 Amemiya,!.2 
Awati and Rai? and Roughley® have observed 
occasional change of sex in the American oys- 
ter, Ostrea virginica, the Portuguese oyster, 
Ostrea (Gryphaea) angulata, the Japanese 
oyster, Ostrea gigas, the Bombay rock oyster, 
Ostrea cucullata and the Australian commercial 
oyster, Ostrea commercialis. The sexuality of 
the Indian backwater oyster, Ostrea madrasen- 
sis, has not hitherto been studied. Since 1948 
the present writer has examined over 4,000 
specimens of adult oysters from different loca- 
lities in the environs of the Madras City and 
the number of hermaphrodite ones noted in them 
is very small. Though some of them showed 
sperms and eggs when examined in the fresh 
condition, they have been in serial sections 
found to be of one sex only owing to the reason 
that the hermaphrodite regions of the gonad 
probably were not included in the sections. 
Clear hermaphrodite stages, however, were ob- 
tained in serial sections of material from two 
individuals collected from Ennur backwaters in 
the month of July 1953. Such individuals be- 
ing very rare they are recorded owing to their 
scientific interest. The gonads of both these 
oysters when examined fresh showed fully ripe 
and motile sperms and eggs in all stages of 
development. In the serial sections of one of 
them (Fig. 1) the follicles close to the peri- 
phery and opening directly into the gonadial 
ductules showed eggs of larger size of which 
some were free within the lumina whilst those 
lying deeper down had eggs of gradually de- 
creasing sizes proliferating from the lining 
epithelium. All follicles were fully packed with 
ripe sperms. In the second specimen (Fig. 2), 
the sections indicate that the formation of eggs 
has progressed much further as revealed by 
the presence of larger ones even in the deeper 
portions of the gonadial layer and the sperm 
masses of the lumina were less dense. Owing 
to the absence of developing spermatocytes in 
both the oysters and the presence of ova in 
varying stages including young oocytes, it is 
clear that the sex change is from male to 
female. The rarity of hermaphrodite individuals 
is fairly clear evidence that bisexual condition 
is purely transitional. 
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FIG, 1. Photmoicrograph of section of gonad of 
O. madrasensis 180—U pper fallicles with larger eggs and 
lower with smaller ones, Dark masses sperms. 


FIG. 2. Photomicrograph of section of gonad of 
O. madrasensis 160 showing large eggs and less dense 
masses of sperms in the lower follicles. , 


Table I shows the percentages of sexes in 
fortnightly samples of about 100 oysters exa- 
mined every month from Ennur backwaters. 


TABLE I 


Indeter- Herma- 


Month Males, Females minate sex phrodites 

% Yo % % 
March* 1953 61-2 38-7 nil nil 
April Bs 59-77 40-23 nil nil 
May es 60-63 39-36 nil nil 
June 57-44 34-04 nil 8-5? 
July » | 42:16 52-94 0-98 3-9 
August ,, 43-60 44-66 10-68 0-97 
Sept. ‘ 27-88 66-34 5-76 nil 


From March to June the percentage of males 
in the samples is very high which, however, 
diminishes gradually commencing from July to 
September 1953. In Sepiember 1953 the per- 
centage of females is as high as 66-34. As the 
main spawning season which is November- 
December (Rao‘), approaches, the proportion 
of the females in the population seems to in- 
crease considerably. The number of hermaphro- 
dite individuals met with being so small, it is 
Coubtful whether all oysters that change their 
sex pass through this transitional phase. The 
occurrence of fair numbers of oysters of in- 
distinguishable sex during the months preced- 
ing Se2ptember shows that this species also 
changes its sex afier passing through a stage 
in which the germ cells are undifferentiated 
into male or female components. A detailed 
study of the sex ratios and seasonal gonadial 
changes in Ostrea madrasensis in relation to 
the fluctuating environmental conditions is in 
progress. 

The author’s grateful thanks are due to 
Dr. N. K. Panikkar for his helpful criticism.* 


Central Marine Fisheries K. VrRABHADRA RAo. 
Research Unit, Madras-5, 
October 12, 1953. 


* Published with the permission of the Chief Research 
Officer, Central Marine Fisheries Research Station, 
Mandapam Camp P.O. 

1. Amemiya, I., Mature, 1925, 116, 608. 2. —, Jap. 
Jour. Zool., 1928, 2, 99. 3. Awati, P. R. and Rai, H. 
S., Yndian Zool. Memoirs, 1931, 3, 1. 4. Burken- 
road, M. D., Science, 1931, 74, 71. 5. Kellog, J. L., 
Bull. U.S. Fish. Comm., 1892, 10, 389. 6. Loosanoff, 
V.L., Biol. Bull., 1942, 82, 195. 7. Rao, K.V., Proc. 
Ind. Acad. Sci., 1951, 33, 231.. 8. Roughley, T. C.,. 
Proc. Linn. Sct., N.S.W.,; 1933, 58, 279. 
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NUTRITIONAL REQUIREMENTS OF 
TROGODERMA GRANARIA EVERTS. 
(COLEOPTERA, DERMESTIDAE) 
RECENT years have shown a great advancement 
in our knowledge of insect-nutrition. Impori- 
ance of individual growth factors to insects has 
been shown by Subbarow and Trager,* Sarma® 
and Fraenkel et al.5 The work of various 
authors on the subject was reviewed by 

Trager.® 

A study of nutrition of Trogoderma granaria 
Everts. was undertaken to explain restricted 
distribution of the insect on stored plant pro- 
ducts. A semi-synthetic diet of known consti- 
tuents was compounded after the manner de- 
scribed by Fraenkel and Bletwett.2 It consisted 
of the ingredients in the following proportion 
and is referred to as ‘complete diet’ in text. 

Casein (vitamin and fat-free), 50 parts; 
carbohydrate (glucose or soluble starch), 50 
parts; cholesterol, 1 part; dried yeast, 2 parts; 
McCollum’s salt mixture 185, 2 parts; water, 
10 parts. 

For Trogoderma this diet is as good as whole- 
meal flour of wheat on which larve take about 
20 days to become adult at 35°C. and 45-50 per 
cent. humidity. Two batches of larve (0-24 hr. 
old and 8-9 days old) were grown on synthetic 
diet from which one ingredient was omitted 
each time and growth was compared with thos? 
fed on complete diet. Ten larve were kept 
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FIG. 1. Trogoderma granaria—Growth of newly 
hatched (0-24 hrs. old) larve on semi-synthetic complete 


and incomplete diets and on yeast and wholemeal flour. 


in small tubes containing approximately 2g. 
of diet. Every test was performed in duplicate 
at 35°C. and 45-50 per cent. relative humidity. 
The results are graphically represented (Figs. 
1 and 2). 

As is seen in Fig. 1, growth of newly-hatched 
larve (0-24hr. old) on complete diet is nearly 
as fast as on wholemeal flour of wheat. With 
diet in which cholesterol is absent the growth 
is not impaired but when salts are omitted 
the diet becomes inferior. Absence of protein 
adversely affects growth. Carbohydrates, 
particularly simple sugars are essential for 
proper development. Addition of starch in 
glucose-deficient diet stimulates growth but 
is not proved to be as efficient as glucose diet. 

Addition of yeast is absolutely essential for 
survival and development but yeast alone is 
not a complete food of young larve which 
develop rather very slowly on it. 
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FiG. 2. Trogoderma granaria—Growth of latve 
which were fed on wholemeal flour with 5% yeast for 
8-9 days before putting them on same combinations of 
diet as in Graph 1. 


In another series of experiment (Fig. 2) 
larve were first allowed to feed for 8-9 days 
on wholemeal flour of wheat containing 5 per 
cent. dried yeast and were then transferred 
to different synthetic diets ‘used in Fig. 1. It 
is interesting to find that this batch of larvic 
behaves very differently as compared to pre- 
vious batch. They grow normally without pro- 
tein, glucose, cholesterol or salts but without 
yeast all larve die. Superiority of glucose diet 
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is also not manifested. The larve are able to 
develop on yeast. It is evident that due to 
pre-experiment feeding on wholemeal fiour 
plus yeast insect is capable of meeting the 
deficiency of most of the basic factors of 
growth. 

Trogoderma granaria_ requires proteins, 
carbohydrates, salts and vitamins for its normal 
growth. Cholesterol is apparently not neces- 
sary. Dried yeast is a poor food for newly- 
hatched larve but not so for 8-9 days’ old 
larve. Some other store product beetles—- 
Tribolium, Ptinus, Sitodrepa and Lasioderma 
have been found to grow normally on yeast.* 
The possible explanation may be that Trogo- 
derma needs simpler carbohydrates of which 
yeast is a poor source. Carbohydrates present 
in yeast are in form of highly polymerised 
polysaccharidest.?7 which may be of no use to 
Trogoderma which cannot even grow on starch 
diet (Fig. 1). 

Vitamins are absolutely necessary for the 
development of both batches of larvze. Without 
protein growth is inferior for young larve but 
not so for older ones. It is likely that some 
of the protein requirements are met with the 
presence of yeast in diets. Similarly without 
salt mixture growth of young larve is slightly 
affected but older larve grow normally. 

From the above results it is quite clear that 
the nutritional requirements vary according to 
the stage of development of Trogoderma gra- 
naria larve. 

Dept. of Zoology, 
University of Delhi, 
Delhi, June 8, 1953. 


N. C. Pant. 


1. Fraenkel, G. and Blewett, M., Biochem. /., 1943, 
37, 692. 2.—, J. Exp. Biol., 1943,20, 28. 3. —, 
Trans. R. Ent. Soe. Lond., 1943, 93, 457. 4. Hind, 
H. L., Brewing Science and Practice, 1940, 2, London. 
5. Pant, N. C. and Fraenkel, G., Science, 1950, 112, 
498. 6. Sarma, P. S., Jad. /. Med. Res.. 1943, 31, 
165. 7. Silbereisen, K., Wock. Brau , 1936, 53, 317. 
8. Sabbarow, Y. and Trager, W., /. Gen. Physiol., 1940, 
23, 561. 9. Trager, W, Biol. Rev., 1947, 22, 148. 


SPEED OF FLIGHT OF DESERT 
LOCUST 


A Tuick pinkish-yellow swarm of the desert 
locust, Schistocerca gregaria Forsk., about two 
miles by one mile in size, was seen flying over 
a Lucknow suburb between 10-00 and 11-00 
hours on May 19, 1953. The swarm came from 
south-west and moved towards Barabanki Dis- 
trict (north-east) at about 11.00 hours. This 
swarm passed over Haidargarh Tahsil, District 
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Barabanki, between 13.00 to 15.30 hours and 
reached the southern portion of Faizabad Dis- 
trict and started settling round about Haidar- 
ganj at 17.00 hours. 

The distance of Haidarganj from Lucknow 
City via Haidargarh, as measured on the map 
of Uttar Pradesh and Delhi (Second Edition) 
published by the Surveyer-General of India is 
about 81 miles. The distance of 81 miles was 
covered by the swarm in about 6 hours, ie., 
at an average speed of 13-5 miles per hour. 

The same swarm after settling in and around 
Haidarganj village on the night of May 19, took 
to flight on May 20, 1953 at 9.00 hours in the 
south-eastern direction and reached Azamgarh 
City at 14.50 hours. The distance between 
Azamgarh City and Haidarganj as the crow flies 
is about 71 miles. It is not definite that the 
swarm moved in a straight line from Haidar- 
ganj to Azamgarh City, but it is certain that 
it covered a distance of not less than 71 miles 
in 5 hours 50 minutes and hence the speed of 
the locusts was not less than 12:2 miles per 
hour. 

The wind velocity on May 19 and 20, 1953, 
at 14.00 hours was 4-6 and 4-75 miles per hour, 
respectively, as recorded in the anemometer at 
Lucknow. The general height of the flight of 
the locust swarm was about 600’ above ground 
and hence at this elevation the speed of wind 
may have been greater. The maximum and 
minimum temperatures at Lucknow and Azam- 
garh on May 20, 1953, were 109° F. and 81°F. 
and 111°F. and 80°F. respectively. 


Senior Plant Protec. Asst. Ram Pat SINGH. 
Section of Entomology, 
Kanpur, U.P., September 14, 1953. 


RELATION BETWEEN CHANGES IN 
SUSCEPTIBILITY AND VARIOUS 
FACTORS CONNECTED WITH 
SUCCESSIVE INSTARS OF THE 
DESERT LOCUST 


THAT older instars of insects generally prove 
hardier to insecticides than younger ones is, 
by now, a fairly established fact but the fac- 
tors responsible for this increase in resistance 
have received little attention. The present in- 
vestigation is an attempt to explore these fac- 
tors in the case of Desert Locust, Schistocerca 
gregaria Forsk. as the increased resistance of 
the successive insiars of this pest has been 
actually posing a definite problem to those en- 
gaged in its practical control. This note re- 
eords in the table below the changes in com- 
parative susceptibility indicated by the values 
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TaBLe I 
Comparative values of twelve factors in successive instars of Schistocerca gregaria Forsk. 


Comparative value in instar No. 


. Actual value 
Factors studied ton 
1 2 3 4 5 
1 Median lethal concentration of crystalline 0-01657 1-00 1-72 4-19 7°46 15-26 
suspension of gamma-BHC (% W/V) 
2 Body weight per individual (sq. mm.) 30-5 1-00 2-08 6-86 10-43 38-75 
3 Surface area per individual (sq. mm.) 144-2 1-00 1-14 3-53 5-83 8-56 
4 Surface area per unit body weight 4-72 1-00 0-55 0-51 0-47 0-22 
(sq. mm./mg.) 
5 Body weight per unit surface area 0-2114 1-00 1-82 1-95 2-15 4:54 
(mg./sq. mm.) 
6 Percentage of wax in the exuviz 15-5 1-00 0-513 0-299 0-234 0-195 
7 Probable thickness of the wax layer 0-86 1-00 0-78 0-36 0-5 0-798 
(microns) 
8 Total protein percentage in the exuvie 65-7 1-00 1-03 1-07 1-ll 1-15 
9 Cuticulin percentage in the exuvix 11-25 1-00 1-238 1-259 1-321 1-261 
10 Chitin percentage in the exuviz 75 1-00 1-365 1-413 1-167 0-992 
11 Weight per 100 exuvize (mg.) 0-0832 1-00 1-764 4-327 12-59 39-62 
12 Index of thickness of exuvie * 0-0577 1-00 1-54 1-23 2-16 4-62 


* Values of factor 11 divided by 100 and then by values of factor 3 and the quotient multiplied by 10, 


of MLC (Median lethal concentration) and in 
eleven different factors, studied so far, which 
are likely to be responsible for increase in re- 
sistance. 

For each factor, Table I gives the actual 
value obtained experimentally for the first 
instar as well as what has been called the 


‘comparative value’ for different instars, 
taking that of the first instar as unity. These 
comparative values have been obtained 


by dividing the actual values for different in- 
stars with the actual value for the first instar. 
The median lethal concentrations were deter- 
mined using crystalline (8 x 10“ rhomboidal 
plate crystal) suspensions of gamma-BHC as 
direct spray under a precision spraying tower. 
The probable thickness of the wax layer has 
been calculated from the experimentally 
determined value of average weight of the 
wax per exuvium, the average surface area 
per individual of the same instar and the 
value of the specific gravity of insect wax 
(0-96) published by Lewkowitsch and War- 
burton.1 The index of the probable thickness 
of the exuvie, on thé other hand, has been 
calculated merely by dividing the average 
weight per exuvium by average surface urea 
per individual of the same instar, the density 
of the exuvize not having been determined so 
far. The increase in these values, however, 


indicates that either the thickness of the exu- 
viz or their compactness or both increase from 
instar to instar. 


Of the factors studied, (a) surface area per 
unit weight, (b) percentage of wax in the 
exuviz, and (c) the probable thickness of the 
exuviz (which is also probably an index of 
the thickness of the cuticle), are most likely to 
affect the entry of the insecticide in different 
instars; it is noteworthy that they actually vary 
in the expected direction. The first two are 
negatively correlated with comparative MLC 
values and the third shows a positive correla- 
tion. 

Division of Entomology, 
Indian Agri. Res. Inst., 
New Delhi, 

September 24, 1953. 


S. PRADHAN. 
O. S. Brnpra. 


1. Lewkowitsch, J. I. and Warburton, G. H., Chemical 
Technology of Oils, Fats and Waxes, 1921, Macmillan. 


A REINVESTIGATION OF THE 
EMBRYOLOGY OF ARGEMONE 
MEXICANA 
THE embryology of Argemone mexicana has 
been studied by Joshi,! Bose and Banerji,2 Bose® 
and Souéges,* but since a complete account is 
not available, this work was taken in hand 

about a year ago. 

A typical anther has 4 microsporangia, but 
occasionally 5-6 may be present. The tapetum 
is usually single-layered, but may become 2-3- 
layered at places. Its cells are multinucleate 
and the nuclei fuse to form irregular polyploid 
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masses. Bose* reported that pollen grains are 
shed at uninucleate stage, but my observations 
show that functional pollen grains are two- 
celled at the shedding stage. 

The ovules are anatropous. The nucellus is 
crassinucellate and has a prominent beak. The 
epistase and hypostase are well marked and 
persist in the mature seed. Stomates are of 
common occurrence on the funiculus. The 
archesporium is not always single-celled as 
reported earlier,!.? but may consist of a small 
group of cells. Both linear as well as T-shaped 
tetrads are formed. 

The embryo-sac is of the Polygonum type. 
Earlier workers':? repori that both the syner- 
gids invariably disorganise at the time of ferti- 
lization. I have, however, observed that in 
many cases one of the synergids persists even 
at the free nuclear stage of the endosperm. 
The polar nuclei fuse before fertilization in 
the chalazal part of the embryo-sac. The anti- 
podals are larger than the cells of the egg 
apparaius. Previous workers!.? stated that the 
disorganization of the antipodals sets in at the 
time of fertilization or during the formation of 


S. synergid or synergid proembryo; Z. zygote or 
zygotic proembryo. 

Fics. 1-6. Early development of embryo, x 364. 

Fics. 7-10. Stages in the development of twin 
embryos, 470. 

Fics, 11, 12, x 266 and 13, x 329. Reproduced from 
Souéges (1949), explanation in text. 
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the free nuclear endosperm. In my prepara- 
tions, however, they were found even up to 
the cellular stage of the endosperm when the 
proembryo is at the globular stage. They not 
only persist but increase in size perhaps due 
to their haustorial activity. 


A -monosiphonous condition is usual but 
occasionally polysiphony as well as branching 
pollen tubes have been observed. : 


The primary endosperm nucleus divides much 
earlier than the oospore. No endosperm or 
embryo developed in bagged flowers. Joshi’s 
statement that endosperm may be formed in 
the absence of the pollen tube and fertilization 
is not confirmed. 


According to Souéges* the zygote divides by 
an oblique vertical wall forming the cells cd 
and ca (Fig. 11). The cell ca divides obliquely 
to give rise to a three-celled proembryo com- 
prising cb, cc and cd (Fig. 12). In my prepara- 
tions the first division was generally followed 
by a transverse wall (Fig. 1), an oblique wall 
being much rare (Fig. 2). In its further deve- 
lopment the proembryo shows great variabilit: 
as shown in Figs. 3-6. These variations do not 
support the generalization of Souéges of a triad 
formation. 


Souéges‘ reported that sometimes a second 
rudimentary embryo is formed side by side with 
the normal embryo as the result of a prolifera- 
tion of the suspensor (Fig. 13). I am able to 
confirm the occurrence of twin embryos, but 
find that while the larger proembryo is deriv- 
ed from the oospore, the smaller arises from 
the persisting synergid (Fig. 7). The latter 
may divide before or after the oospore, or both 
may divide simultaneously to produce twin 
two-celled proembryos (Fig. 8). Such twin 
proembryos may be observed long before the 
differentiation of the suspensor. Souéges has 
shown a common suspensor for the twin pro- 
embryos, whereas I find two distinct pro- 
embryos. In some cases they overlap each 
other, while in others they lie side by side 
(Figs. 9, 10). 


In the mature seed there are only one or two 
layers of perisperm. The cells of the inner 
integument are crushed and absorbed. It is the 
outer integument which takes part in the for- 
mation of the seedcoat. . 

The seedlings have normally two cotyledons, 
but in some cases three were observed. Import- 
ant facts found during this reinvestigation are: 
occurrence of two-celled pollen grains, per- 
sistent antipodals and synergid embryos. 
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I wish to thank Prof. P. Maheshwari and 
Dr. B. M. Johri for their kind encouragement 
and help. 

Botany Department, 
University of Delhi, 
Delhi, September 23, 1953. 


R. C. SAcHAR. 


1. Joshi, A. C., Jour. Ind. Bot. Soc., 1933, 12, 83, 
2. Bose, P. K. and Benerji, I., Curr. Sci., 1933, 2, 94. 
3. Bose, P. K., jour. nd. Bot. Soc., 1937, 4, 197. 
4. Souéges, E. C. R., Compt. Rend, Acad. Sci., Paris, 
1949, 229, 573, 


THE ENDOSPERM IN SOME 
CUCURBITACEAE 


Previous embryological studies on this family! 


were based almost exclusively on microtome 
sections and therefore, some interesting fea- 
tures have been missed. I examined microtome 
sections as well as whole mounts and noticed 
the presence of a characteristic endosperm 
haustorium at the chalazal end. Such struc- 
tures have often been overlooked in the past 
as pointed out by Maheshwari.* Speaking of 
Kausik’s® work on Proteacew he states: “The 
reason why the vermiform appendage had been 
missed by earlier workers is that they used 
only sections, which fail to give any complete 
picture of this organ, while Kausik used both 
sections and whole mounts and was, therefore, 
able to give a very thorough account of its 
development and organisation.” 

A shori comparative account of the endosperm 
of the following is given here: Blastania garcinii 


Cogn.; Coccinia indica W. & A. (Syn. Cepha-. 


landra indica Naud.); Citrullus fistulosus 
Stocks; and Cucumis sativus L. 

The endosperm is of the nuclear type. In all 
the genera ercept Blastania, the embryo sac 
elongates after fertilization (Figs. 1, 2). Its 
upper part broadens and becomes vesicular, 
while the lower remains narrow and elongates 
further, appearing like a tubular process 
(Fig. 8). 

Wall formation is ai first limited to the upper 
broader part of the embryo sac so that this 
region becomes cellular and may be referred 
to as the “endosperm proper” (Figs. 3, 9). The 
lower coenocytic tubular process extends down- 
wards; its maximum length varies from 250 
in Citrullus to 5,250 in Cucumis. In the latter 
the tip of the appendage is swollen (Figs. 12, 
13) and often reaches down to the base of the 
nucellus. Cucumis is also characterised by the 
presence of a free nuclear bulbous portion bet- 
ween the cellular zone and thé tabular haus- 
torium. (Fig. 12). ‘ 

The haustorium shows dense granular cyto- 
plasm with many free nuclei, and in some 


cases abundant oil droplets (Figs. 4, 8). The 
nucellar cells around the appendage present a 
famished appearance and gradually their walls 
break down. 


FiG. 1, Whole mount showing free nuclear endosperm 
of Blastania garcinii, x 67 

FIGS, 2-7. Different stages in the development of 
endosperm in Coccinia indica; for explanation see text. 

FIG, 4, is enlargement of part E marked in Fig. 3. 

FIG. 6. is enlargement of part F marked in Fig. 5. 

FIGs, 2, 4, 6 and 7, x 67; Fics. 3 and 5, x 15. 

FIGs. 8-11. Different stages in the development of 
endosperm in Citrudlus fistulosu:; for explanation see 
text. 

FIG, 11. is enlargement of part D marked in Fig. 10. 

Fics. 8 and 11, x 67. FIGs. 9 and 10, x 15. 

FIG. 12. Whole mount of endosperm of Cucumis 
sativus, showing long haustorium, Xx 15. 

FIG, 13. Terminal portion of another haustorium of 
Cucumis, X 31. 

The endosperm proper increases enormously 
in size especially at the base, and occasionally 
the marginal cells of this region bulge out pro- 
minently (Figs. 7, 11). The surrounding nucel- 
lar tissue is gradually consumed until only a 
few of its peripheral layers survive ih the 
mature seed. 

As regards the behaviour of the chalazal 
haustorium, in Citrullus and Coccinia it be- 
comes partitioned by transverse walls to form 
chambers of different sizes containing a vari- 
able number of nuclei (Figs. 5, 6, 10, 11). Due 
to nuclear fusions large irregular polyploid 
masses are formed in some of the multi-nucleate 
segments (Figs. 7, 11). Secondary wall forma- 
tion in the latter, which may be transverse, 
longitudinal or oblique produces a multiseriate 
structure. This cellular zone constitutes what 
may be termed secondary endosperm tissue in 
contrast to the primary endosperm tissue form- 
ed in the upper part of the embryo sac. In 
Cucumis the haustorium remains coenocytic. 

In all genera in which the haustorium occurs, 
it attains its maximum size and activity at the 
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heart-shaped stage of the proembryo. In later 
stages its activity declines and by the time the 
embryo is fully differentiated the haustorium 
is no longer active. In Cucumis the haustorium 
shrinks and becomes coiled up, while in Coc- 
cinia and Citrullus it gets appressed to the body 
of the endosperm proper. 

The fully differentiated young embryo in- 
creases in size and matures at the expense of 
the endosperm tissue. The cell walls of the 
latter gradually gelatinise and collapse forming 
a viscous mass around the embryo. In the 
mature seed there is no trace of endosperm, 
and the massive cotyledons occupy almost the 
whole of the seed cavity. 

It remains to be seen whether endosperm 
haustoria of the type considered here for the 
first time also occur in the families allied to 
the Cucurbitacee. 

I take this opportunity to express my sense 
of gratitude to Prof. P. Maheshwari and 
Dr. B. M. Johri for their kind encouragement 
and help in connection with this investigation. 
Botany Department, R. N. CHOPRA. 


University of Delhi, 
Delhi, September 15, 1953. 


1. Longo, B., Ann. di Bot., 1903, 1, 71. 2. Kirkwood, 
J. E., Bull. N. Y. Bot. Gard., 1905, 3, 313, 3. Kratzer, 
J., Flora, 1918, 10, 275. 4. Maheshwari, P., 4x 
Introduction to the Embryology of Angiosperms, McGraw- 
Hill Book Co., New York, 1950, 5. Kausik, S. B., 
Proc. Ind. Acad. Sci., 1942, 16B, 121. 


UNUSUAL POPULATION ERUPTION 
OF THE MOTH, LYMANTRIA 
MATHURA MOORE, IN AUTUMN 
Lymantria mathura Moore (Lepidoptera, Family 
Lymantriidz) is a large moth whose caterpil- 
lars regularly defoliate the sal tree, Shorea 
robusta, in Assam and Northern India. Its 
other food-plants are Eugenia jambolana, 
Quercus incana, Q. serrata, Terminalia arjuna 

and T. myriocarpa. 

In the forest area of New Forest Estate, about 
4 miles from Dehra Dun, ca. 2,000 feet above 
sea-level at the foot of the Western Himalayas, 
the author noticed, about the middle of Septem- 
ber 1953, the female moths in some numbers 
singly on tree trunks and on the walls of 
verandahs and other odd places, each sitting 
over an egg-mass. As days passed, the numbers 
increased and by the end of September and 
the first week of October, the whole of the 
forest area in New Forest was full of these 
moths in enormous numbers, all sitting quietly 
over egg-masses laid on the trunks of trees up 
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to a height of about 20-30’ or a little more. The 
moths were usually single, but not infrequently 
they were sitting in groups of as many as 6 or 
7, huddled together on the tree trunk. Some 
tree trunks 30’ high and with a 3-foot diameter 
had as many as 50 or 60 moths on them. In 
some areas practically every tree was studde2 
with numerous moths. The male moths were 
far fewer and only 3 were obtained in a day’s 
collection; they were sitting quietly on the tree 
trunks but away from the female moths. The 
trees selecied for egg-laying are normally the 
fuod-plants mentioned above, but during the 
present eruption eggs were laid on almost every 
plant available. The moths were equally com- 
mon a few miles around, e.g., in and around 
Dehra Dun town, and in the Jhajra forest close 
by. 

This unusual eruption has never been record- 
ed before. The author has not come across the 
moth during the last 4 years of his stay (since 
1949) in New Forest, Dehra Dun, and local 
residents (some of them being professional ento- 
mologists) observe that they have not seen ‘his 
phenomenon, during the last 25 or 30 years of 
their stay in New Forest and Dehra Dun. In 
normal years the moth is not common and re- 
mains unnoticed. The erupted 1953 September- 
October generation of moths is the progeny of 
the summer generation, but in the summer and 
rains of 1953 (April-August) the moths were 
not at all conspicuous and none was collected. 

A fuller account of the biology, etc., of this 
moth will be published elsewhere. 
Entomology Branch, M. L. Roonwat. 
Forest Research Institute, 

Dehra Dun, October 24, 1953. 


CHROMOSOME NUMBER OF 
ABELMOSCHUS TUBERCULATUS 
PAL ET SINGH—A SPECIES RELATED 
TO THE CULTIVATED BHINDI 


Abelmoschus esculentus (L.) Moench, com- 
menly known as Lady’s finger, bhindi or okra, 
is an important vegetable crop in India. For- 
merly, this plant was botanically called Hibis- 
cus esculentus L. Recently Pal, Singh and 
Vishnu Swarup* described from India a new 
species, Abelmoschus tuberculatus Pal et Singh, 
related to the bhindi plant. A. tuberculatus 
promises to be useful as breeding material as 
it is almost immune to the attack of the fruit- 
borer (Erias insulana) and also to the mosaic 
disease to which the common bhindi is suscep- 
tible. Although A. tuberculatus generally re- 
sembles A. esculentus in several vegetative and 
reproductive characters, Pal et al. considered 
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that, on the basis of some conspicuous morpho- 
logical features and crossing behaviour, a spe- 
cific rank for A. tuberculatus was perhaps jus- 
tifiable. 

The chromosome number of A. esculentus 
has been variously reported to be 2n=72 
(Teshima, 1933—quoted by Darlington and 
Janaki Ammal') and 2n=130 (Skovsted*); 
in the variety, Sabour Selection, of this species 
the somatic chromosome number in root tip 
preparations was found by us to be 130. In 
Feulgen-stained root-tip-squash preparations of 
A. tuberculatus, more than a dozen very clearly 
analysable metaphase plates showed 2n=58 
chromosomes (Fig. 1); the root-tips, prior tp 


FIG. 1 (1750 x) 


fixation in 1:3 acetic alcohol, were immersed 
for 2 hours in a saturated aqueous solution of 
a-bromo-naphthalene for obtaining well spread 
out metaphase chromosome plates. Fig. 1 is 
an enlarged pen-and-ink drawing made from 
the actual photomicrograph (675) by the 
photographic process described by Manton,* 
and it is seen that there are 2n=58 chromo- 
somes in one cell. This chromosome count in 
A. tuberculatus thus fully validates the recog- 
nition by Pal et al. of A. tuberculatus as a dis- 
tinct species of Abelmoschus. 

Pal et al. found the F, hybrid between 
A. esculentus and A. tuberculatus to be totally 
sterile, thus causing a setback in the utilisation 
of the latter species in the breeding programme. 
The present authors treated vegetative axillary 
buds on vigorously growing seedlings of the 
F, hybrid with 0-1 and 0-2 per cent. aqueous 
solutions of colchicine and have obtained a 
number of normal, viable-looking seeds from 
fruits set on the treated plants. Cytogenetical 
observations on the progeny raised from these 
seeds, as also the cytological features of the 
F, hybrid, A. esculentus x A. tuberculatus, 
will be reported elsewhere. 

We are grateful to Mr. H. B. Singh for seeds 
and seedlings of the two parental species and 
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of their F, hybrid and to Mr. P. N. Ghosh for 
assistance in photomicrographic work. 


Division of Botany, A. B. JosHI. 
Indian Agric. Res. Inst., M. W. Harpas. 
New Delhi, July 1, 1953. 


1. Darlington, C. D. and Janaki Ammal, E. K., 
Chromosome Atlas of Cultivated Plants, 1945. 2 Man- 
ton, I, Problems of Cytology and Evolution in the 
Pteridophyta, 1950, p. 298. 3. Pal, B P., Singh, H. B. 
and Vishnu Swarup, Bot. Gaz, 1952, 113, 455. 4. 
Skovsted, A., /. Genct., 1935, 31, 263. 


POLLEN GRAINS IN SACCHARUM AND 
CERTAIN ALLIED GENERA 
Apart from a study of the pollen grains in 
many of the Phanerogams and in fossils, grass 
pollen has come under intensive study and 
classification has been attempted on the basis 
of their size (Wodehouse,! Erdtman? and Jones 
and Newell*). Sampath and Ramanathan* 
observed that pollen grains of certain cultivated 
species of Oryza are larger than those of the 

wild species. 

Pollen grains of 4 species and certain hybrids 
of Saccharum (Co. canes) and 3 related genera, 
growing under similar conditions were studied 
by the writer in permanent Methyl-green 
glycerine jelly mounts. All the groups have 
spherical grains except Narenga. The mean 
diameters of 100 pollen grains are given in 
Table I. 


TABLE I 
Average dia- a. 
Species or groups moter — number (#) 
in the variants 
studied 
Sclerostachya fusca 29-6+0-22 15 
Narenga porphyrocoma 30-6+0-19 15 
Erianthus arundinaceus 30-6+0-37 30 
Saccharum robustum 35-3+0-21 36 
S. officinarum 37-6+0-40 40 
S. spontaneum 39-6 +0-30 27-60 
S. Barberi 41-3+0-20 41-62 
Hybrids (Co. canes) 45-5+0-24 59-62 


All the differences between the various 
groups and species, except that between Narenga 
and Erianthus, are significant at the 5 per cent. 
level. The diameters range from 29-64 for 
Sclerostachya to 45-5 for the hybrids (Co. 
canes). S. Barberi seems to have the largest 
grains and S. robustum the smallest among the 
Saccharum species. Pollen grains of S. sinense 
were unfortunately not available during the 
past two seasons. 

In Narenga the shape of the pollen grain is 
consistently ovoidal with the germ pore on the 


= 
He 
> 
% 
a 


386 Letters to the Editor 


broader side. Erianthus has smooth exine with 
a clear space between that and the intine. 
Pollen grains in S. robustum have frequently 
infertile grains with larger diameters than the 
mean, and a distinct spherical operculum. The 
large percentage of aborted pollen of variable 
sizes in S. officinarum, the rough and stippled 
exine and the prominent operculum in S. spon- 
taneum, the distinct exine and intine and odd- 
sized infertile grains in S. Barberi are noticed 
to be characteristic. In the hybrids (certain 
Co. canes) studied, the large size evidently 
indicates their hybrid origin. 

Thus, certain features of the external mor- 
phology of pollen grains can be of partial diag- 
nostic value as between the species examined. 
Although the mean diameters vary with varie- 
ties within the same species, this variation is 
perhaps related to abnormal chromosome 
numbers, irregular meiosis, pollen abortion, etc. 
Recent work at this Institute (Rao and Bala- 
subramaniam®) has revealed a positive correla- 
tion between chromosome number and pollen 
grain diameter in certain variants of S. spon- 
taneum. The present studies appear to indicate 
the same trend extended to the species level 
(Table I). However, this has to be confirmed 
by a study of pollen grain size in the different 
variants within each species and group. The 
distinct difference in the shape of pollen grains 
in Narenga seems to add weight to the sugges- 
tion that this species is taxonomically well 
removed from Saccharum (Saradhy et al.®) 

My grateful thanks are due to Shri N. L. 
Dutt for his kind help and guidance and to 
Shri R. R. Panje for going through the manu- 
script and making valuable suggestions. 
Sugarcane Br2eding Inst., A. S. ETHIRAJAN. 
Coimbatore, August 22, 1953. 


1. Wodehouse, R. P., Pollen Grains, McGraw-Hill 
Book Co., New York, 1935. 2. Erdtman, G., Pollen 
Analysis, Chronica Botanica Co., 1943. 3. Jones, M. D. 
and Newell, L. C., Jour. Amer. Soc. Agron., 1948, 40, 
136. 4. Sampath, S. and Ramanathan, K., Jour. Jud. 
Bot. Soc. 1951, 30, 40. 5. Rao, J. T. and Bala- 
subramaniam, A., Curr. Sci., 1953, 22, 247. 6. Saradhy, 
M. e@ al., 7bid., 1952, 21, 75. 


THE EMBRYO SAC OF XYRIS _ 
PAUCIFLORA WILLD. 

THe only embryological work done so far in 
Xyridacee is by Weinzieher! (1914) on Xyrtis 
indica L. He records a Polygonum type of 
embryo sac development besides other embryo- 
logical observations. The present note deals 
with the development of the female gameto- 
phyte in Xyris pauciflora Willd. © 

“ The ovary is superior, tricarpellary and uni- 
locular. A transverse section of an young ovary 
shows three hemispherical placentze of parietal 
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primordia develop as finger-like outgrowths 
from the placentez. Each primordium gives 
rise to an orthotropous, tenuinucellate and 
bitegmic ovule. 

A hypodermal archesporial cell becomes dif- 
ferentiated early. It enlarges and functions as 
the megaspore mother cell (Fig. 1). After ihe 


Fics, 1-6. Xyris pauciflora Willd, Figs. 1-5. LS. 

of ovule with different stages of embryo sac development. 
Fig. 6. Mature embryo sac. All figs. x 485. 
first meiotic division it gives rise to the dyads 
(Fig. 2). The smaller upper dyad gradually 
degenerates and forms a darkly stained cap 
over the developing lower dyad (Figs. 3-5). The 
nucleus in the lower dyad divides; an ephe- 
meral cell plate is observed on the spindle of 
this nuclear division (Fig. 3) but it disappears 
very soon (Fig. 4). The two nuclei move to 
opposite poles. A conspicuous central vacuole 
is not observed at this stage. This may be due 
to the spatial relationship. After two more 
nuclear divisions this bi-nucleate dyad gives 
rise to an eight-nucleate embryo sac. In the 
mature embryo sac the egg apparatus consists 
of a large egg and two comparatively small 
synergids (Fig. 6). The two polar nuclei fuse 
together and the secondary nucleus lies to- 
wards one side near the egg. The antipodals 
are ephemeral (Fig. 6). 
-It is therefore extremely interesting to note 
that the embryo sac development in the pre- 
sent species corresponds to the Allium type while 
it is of the Polygonum type in Xyris indica. 
A detailed paper on the embryology of Xyris 
pauciflora will be published elsewhere. 

Grateful acknowledgment is to 
Prof. L. N. Rao and Dr. S. B. Kausik for their 
guidance. 


Dept. of Botany, D. A. GOVINDAPPA. 


Central College, Bangalore, 
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REVIEWS 


Theory of Equations, Vth Edition. By H. W. 
Turnbull. (Revised 1952). Pp. xii+ 166. 
Price 6 sh. Integration of Ordinary Differen- 
tial Equations, VIth Edition. By E. L. Ince. 
1952. Pp. viii+ 146. Price 7sh. 6d. Tensor 
Calculus. By B. Spain. 1953. Pp. viii + 125. 
Price 8sh. 6d. (All published by Oliver & 
Boyd, Ltd., London. Agents in India: Mac- 
millan.) 

These are three of the recent publications in 
the series of “University Mathematical Texts” 
edited by Aitken and Rutherford. The first two 
are only revised editions while the book on 
Tensor Calculus is a welcom2 new addition. 

Professor Turnbull needs no introduction to 
algebraists and his book on the theory of equa- 
tions is as clear as it is brief and to the point. 
It deals not only with the theoretical aspects 
of the subject but also contains a description 
of practical methods of solution. Cubic and 
biquadratic equations are discussed in detail, 
together with more general types, but the rela- 
tion to the theory of grcups has been left out, 
as being beyond its scope. 

The book on differential equations is a con- 
densed version of Dr. Ince’s larger treatise, with 
the more recondite theoretical aspects, such as 
existence theorems, left out. The book mainly 
deals with methods available for the integra- 
tion of ordinary differential equations that are 
generally met with in mathematical physics. 
It is very clearly written, and can be readily 
followed by a person with a knowledge of the 
fundamentals of differential and integral cal- 
culus. 

Tensor calculus does not appear to be taught 
systematically anywhere in this country either 
as part of a physics or a mathematics course. 
The book by Dr. Spain could well be an excel- 
lent text-book for study if such a special course 
is instituted. It deals with the fundamentals 
of tensor algebra leading up to the theory of 
geodesics and parallelism in curved space and 
the curvature tensor. The last three chapters 


are devoted to applications, (a) to differential: 


geometry in ordinary three-dimensional Euclid- 
ean space, (b) the theory of elasticity, and 
(c) in relativity theory, including both special 
relativity and some problems in general rela- 
tivity, such as the advance of the perhelion of 
mercury and the expansion of the universe. 


They are well written, the only criticism that 
could be made is that in the chapter on elasti- 
city the author restricts himself to isotropic 
media. In view of the increasing importance 
of crystal physics, a short account could have 
been included regarding the number of tensor 
components in crystals of varying degrees of 
symmetry. Also, since the book is more likely 
to ke used by physicists rather than orthodox 
mathematicians, inclusion ‘at’ various places of 
appropriate geometrical or physical explanations 
of the mathematical processes would have con- 
siderably enhanced the value of the book. For 
instance, the usual presentation of covariant 
differentiation as given in §22 always leaves 
the feeling that the addition of the extra term to 
dA*/dxz; in the expression for A*,; is a mathe- 
matical jugglery to obtain a quantity obeying 
the transformation law, which is of course not 
the cas2. However, these observations in no 
way detract from the value2 of the book, which 
has maintained the same high siandard as its 
predecessors in the series. 


The reviewer warmly commends these texts 
to every college teaching mathematics, and also 
physics, to an Honours or Post-Graduate stand- 
ard. 


Advances in Enzymology, Vol. XIV. Edited by 
F. F. Nord. (Interscience Publishers), 1953. 
Pp. x + 470. Price $9.25. 


This fourteenth volume of Advances in 
Enzymology, which is the latest addition to this 
well-known series, maintains the high stand- 
ard and uniform excellence of its predecessors. 

The opening, article by Theoder Bucher gives 
a sound groundwork of the present-day con- 
cept of transport of energy within the living 
cell. After a preliminary discussion on the 
thermodynamical view-points on energy trans- 
port, the author summarises the recent work 
on ATP synthesis and similar investigations 
bearing upon energy provision and mechanism 
of oxidative phosphorylation. These various 
physical models and theories are dealt with and 
a short account of photochemical experiments 
with proteins is presented. , 

Details of the isolation, characterisation and 
physiological relationships of Lactobacillus 
bulgaricus factor (LBF) -which was found to be 
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a conjugated form of pantothenic acid is given 
by Snell and Brown. 

It has to be admitted that Lerner has been 
eminently successful in his attempt to sum- 
marise the important material from the vast 
amount of literature that has accumulated on 
the metabolism of phenylalanine and tyrosine. 
The mechanism of reactions by which these 
amino acids are converted into other biologi- 
cally active maierials and the properties of the 
related enzymes are discussed. 

Of particular interest is the illuminating 
article on the oxidation of proteins by tyro- 
sinase and peroxidase by Sizer who has made 
important contributions in this field. The next 
article by Langenbeck presents an authoritative 
treatment of the chemistry of organic catalysis 
and its application to enzyme chemistry. 

Leloir gives a clear and concise summary of 
the concept of phosphate transfer and isomer- 
isation in sugar phosphates in his review. In 
a thought-provoking article, Hoffmann-Ostenhof 
makes a strong plea for reorientation of the 
system of classification and nomenclature of 
enzymes on a more rational basis. This article 
which marks a departure in style and content 
from the others is quite easy. It is high time 
that enzymologists should give careful consi- 
derations to the suggestions made by the author. 

A detailed account of the more recent tech- 
niques employed in the study of structure of 
proteins is given by Pierre Desnuelle. The last 
two chapters are concerned with methods used 
for the isolation and purification of proteins 
and enzymes. The principles and procedures 
for enzyme isolation are dealt with by Schwim- 
mer and Pardee in a lucid and succinct man- 
ner; while Zittle confines himself to adsorp- 
tion studies of enzymes and proteins. 

Although there is some overlapping of mate- 
rial in the last three chapters, these articles are 
well documented and the reviewer feels that 
they fill in a definite need for an exhaustive 
compilation of methods in Enzymology. This 
is an excellent feature of this volume and it 
is hoped that more space will be allotted to 
methodology of enzymes in the succeeding 
volumes. 

A cumulative index for Volumes I-XIV is 
provided at the end of the book. The publish- 
ers have maintained their reputation for the 
excellence of the printing and production. The 
book provides excellent material for research 


workers in the field of enzymes and proteins. 
K. V. Grrr. 


Annual Review of Biochemistry, Vol. 22. Edited 
by J. Murray Luck. (Annual Reviews, Inc.), 
1953. Pp. ix+ 729. Price $6.00. 

Even though several topics, which used to be 
covered by the Annual Review of Biochemistry, 
have been transferred since 1950 to different 
annual publications, the progress in biochemis- 
try has been so rapid that the volume under 
review is quite as large as any of its predeces- 
sors. Attention may be drawn at the very out- 
set to two new features in the present volume. 
The chapter on vitamins has grown enormously 
in size and the editors intend to increase the 
number of pages to be so devoted in the volume 
appearing next year. Secondly, this volume 
carries for the first time, an introductory chap- 
ter by Prof. McCollum, the doyen among bio- 
chemists in the United States, who draws large- 
ly on his rich and varied experience to give 
an account of his early work in the field of 
foods and nutrition. 

There are twenty-two chapiers other than 
the prefatory article by McCollum, and these 
have been written by biochemists drawn from 
the different laboratories in the United States. 
Europe and Argentina. The articles one is usually 
accustomed to find in the Annual Review are 
there: such as biological oxidation, proteolytic 
enzymes, non-oxidative and non-proteolytic 
enzymes, chemistry of carbohydrates, lipids, 
amino acids, peptones and proieins, nucleic 
acids, purine and pyrimidines, carbohydrate 
metabolism, lipid metabolism, metabolism of 
amino acids and proteins, nutrition, fat soluble 
vitamins and water-soluble vitamins. All thes2 
articles have been ably written and cover very 
well the literature on the specified subjects 
except perhaps that by Hesirin, who deals only 
with glycosidases among the non-oxidative and 
non-proteolytic enzymes and that by Hilditch, 
who states at the very beginning of his article 
that his review on the chemistry of lipids is 
selective and not comprehensive. Further, 
Isbell and Frush who have written on the che- 
mistry of carbohydrates have drawn for their 
review, material, which is largely found in the 
special reports of the U. S. Atomic Energy 
Commission and the National Bureau of Stand- 
ards. 

The special topics which have been included 

in this volume are the chemistry of cortisone, 

neoplastic tissue and fungi as well as the bio- 
chemistry of teeth, antibiotics and _ vision. 

Immunopolysaccharides, ruminant nutrition and 

photosynthesis have also been dealt with in 

separate chapters. 
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There is in the end a comprehensive author 
and subject index and the volume as a whole 
is remarkably free from errors except for three 
misprints on pages 372, 413 and 617 respec- 
tively. A preponderance of references to Ameri- 
can literature is noticeable in view of the re- 
markable progress of biochemical research in 
the United States. Bui, it is felt that the editors 
and reviewers alike should make every effort 
to collect the cream of biochemical literature 
published every year in other parts of the world 
as well and endeavour to make the volume truly 
comprehensive in character. However, even in 
the present form, the Annual Review is not very 
far from that perfection, and with a reasonably 
low price of six dollars, should prove a real 
acquisition to all those who are interested in 
the rapidly advancing subject of biochemistry 
and nutrition. P. S. SARMA, 
The Manufacture of Compressed Yeast. 2nd 

Edition. By F. G. Walter. (Chapman & Hall), 

1953. Fp. x + 317. Price 37sh. 6d. net. 


The manufacture of food yeast graduated into 
a matter of great practical import in Germany 
during the recent wor!d war. Widespread inter- 
est in this question received a fillip in other 
countries when information on the progress 
made in war-time Germany became available 
through the reports of the FIAT, the CIOS and 
the BIOS. A considerable volume of literature 
has now grown both as regards improvements 
in the existing methods of production as well 
as the exploitation of newer and cheaper raw 
materials. One would therefore expect that in 
bringing out a revised text after the lapse of 
more than 12 years, full advantage would have 
been taken of the occasion to make the work 
under review both authoritative and up to date. 
In this respect, the book is rather disappoint- 
ing, and one suspects that the author has been 
much too preoccupied with his own contribu- 
tions to be free to consider the work of others. 
Had an extensive bibliography been appended, 
this defect would have been offset to some ex- 
tent. As it is, no encouragement is offered to 
the serious student desirous of pursuing the 
subject further, beyond the cryptic statement 
that opportunities “for further research in the 
industry are by no means exhausted” (p. 163). 

One wonders whether the introductory chap- 
ter on yeasts, etc., did not deserve a more accu- 
rate treatment, perhaps in collaboration with 
a biochemist. This would at least have enabled 
avoiding repetition from the earlier edition of 
statements like “Alcoholase, the zymase of 


yeasts, splits sugar into alcohol and carbon 
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dioxide” (p. 24); or, “How the change actually 
occurs is not known because different fermen- 
tations occur simultaneously in the yeast cell 
and all the changes that take place are un- 
known...... ” (p. 4). The exact connotation of 
the term “fermeniations” in the above state- 
ment is not clear. The statement that growth 
of yeast and alcohol production “are mutually 
exclusive” (p. 165) would come as a surprise 
to students of Pasteur effect. Another in simi- 
lar vein is the following: “A simple experi- 
ment quickly demonstrates that the yeast cell 
is incapable of dissociating alcohol, as it does 
sugar, for the purpose of using its carbon in 
these synthetic anabolic processes or as a source 
of energy” (p. 164). Apart from the evidence 
available in curreni literature, the fact that the 
author in his patent process (pp. 168-69) has 
adopted aeration of the suspended seed yeast 
to get rid of the alcohol, itself mitigates against 
such an assertion. In any case no proof has 
be2n adduced to show that the “discharge of 
alcohol” under such conditions is not due to 
its utilisation as a’ source of carbon. 

The get-up of the book conforms to the usual 
high standards of the publishers, though the 
price appears to be a little high. 

S. 
Use of Antibiotics in Tropical Diseases. 

(Annals of the New York Academy of 

Sciences, Vol. 55, Art. 6). Edited by Roy 

Waldo Miner. (Published by the Academy, 

New York), 1952. Pp. 967-1,284. Price $4.00. 

Readers of medical periodicals are sometimes 
baffled by reports from different parts of the 
world, giving divergent data on responses to 
antibiotic treatment for the same disease. One 
reason for the varying results is presumably 
due to variations in biological strains of appa- 
rently same pathogenic organisms. For 
instance, the same antimalarial drug proguanil, 
sometimes gives different results in Plasmodium 
falciparum infections in India, West Africa and 
the Pacific Islands. Hence the need to ‘bring 
all these data from the far corners of the world 
and to organise, digest and evaluate’ is acutely 
felt. 

The monograph deals with the value of dif- 
ferent antibiotics in typhus, typhoid, dysen- 
teries, cholera, plague, trepanematosis, among 
other tropical diseases, as also the scope of 
antibiotics in veterinary medicine. Diseases 
like malaria and leprosy that have not given 
satisfactory response to any antibiotics so far, 
have also been studied. The scope of the mono- 
graph has therefore been fairly exhaustive, 
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This authoritative ‘document’ should there- 
fore be consulted both by those who are anti- 
biotic enthusiasts for its sobering effect, as also 
by therapeutic nihilists who may need salutory 
stimulation to wean them from scepticism. 
Therapeutic medicine should be gratified by 
the publication of this precious number of the 


Annals. 
V. ISWARIAH. 


Catalogue of Indian Insects. Part 27 (Isoptera). 
By Rattan Lal and Ram Das Menon. (Pub- 
lished by the Manager of Publications, Delhi), 
1953. Price Rs. 7-2-0. 

The catalogue under review is one of the use- 
ful series of entomological publications issued 
under the auspices of the Indian Council of 
Agricultural Research. The present one is 
Part 27 of the series and deals with Isoptera 
or Termites—better known under the popular 
appellation of ‘white ants’—pests, with whose 
insidious activities the denizens of the tropics 
and semi-tropics are but too familiar. The 
depredations of white-ants on wooden struc- 
tures, books and furniture in houses, on grow- 
ing crops in the field and on timber trees in 
forests render them dangerous foes to human 
economy. Their concealed ways of life either 
underground or in the stems of plants render 
them difficult pests to control. On the other 
hand, the fact that they live in large social 
communities composed of enormous numbers of 
individuals of different castes, males and females 
(queens), workers and soldiers, with distinct 
life-functions, their ability to build large 
earthen structures—the anthills—to serve as 
nests for their young brood and the enormous 
powers of egg-laying possessed by their queen- 
ants, render them objects of fascinating 
interest. 

While to the layman all kinds of ‘white-ants’ 
are the same, there are in reality quite a num- 
ber of different species of termites, each having 
its own type of life-habits. In the present pub- 
lication, the authors have listed over 150 forms 
collected from the different parts of India, 
Burma and Ceylon and there is little doubt 
that there are yet as many more, still remain- 
ing undiscovered in these countries. It is im- 
portant to recognise that, in devising control 
measures against white-ant damage, it is 
essential to find out which particular species is 
concerned, as each species has its own ways 
of life and of breeding. 

References to damage by termites in publi- 
cations in the past have often been involved 
in confusion, since different species had been 
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mistaken one for the other; and the present 
catalogue will be found to be of great help to 
working entomologists in clearing up their 
synonymies. 

It is regrettable, however, to find that a 
good many printing errors have crept into the 
body of the text, only some of which are found 
included in the list of Errata appended. But, 
all the same, there is little doubt that the cata- 
logue will serve as a very useful reference 
book for field workers and the authors deserve 
every credit for the enormous amount of effort 
they have put in for bringing out this list. 


Manual of Indian Forest Botany. By N. L. 
Bor. (Oxford University — 1953. Pp. 
xi+ 441. Price Rs. 25. 

An Indian teacher of botany compiling a list 
of books to recommend to his students gets on 
nicely until he comes to the general text-books, 
when he finds that there is really no compre- 
hensive book that successfully deals with Indian 
systematic botany for advanced university 
students. With a feeling of disappointment, he 
turns to books by British and American authors 
and painfully discovers that they are so cha- 
racteristically British or American as to be 
quite unsuitable for inclusion in his list. The 
Manual of Forest Botany by Bor is undoubted- 
ly an exception and deserves special considera- 
tion because it deals entirely with Indian plants. 

The book, as stated by the author in the pre- 
face, is the outcome of a course of lectures on 
forest botany delivered by the author to stu- 
dents of the Indian Forest College at Dehra 
Dun during 1938-42. It is a book for the teacher 
and the student, for use in the classroom as 
well as in the field. It has been compiled in 
the belief that the more flowering material the 


student handles, the sooner he will realize how 


easy it is to use keys for running down fami- 
lies, genera and species. He will get to know 
characters of families by experience, instead 
of learning them by heart and if he has an 
aptitude for taxonomy, will acquire that flair 
which enables him to place a plant instinctively 
in the right family. 

An unusual departure from books on similar 
subject is the adoption of Hutchinson’s system 
of classification in this Manual. The chapter 
on progress of classification (pp. 27-39) gives 
a concise but lucid history of the subject and 
the author’s reasons for adopting this phylo- 
genetic system. While due attention is given 
to the scientific aspects of classification and 
economic uses, the equally important field 
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characters (like characters of bark, colour of 
latex, etc.), which very often are the only 
means of identifying trees in a forest, are not 
neglected. After a detailed treatment of the 
Gymnospermez, especially the Coniferales, 
about 72 families of the Angiosperms, both 
Dicotyledons and Monocotyledons, have been 
dealt with. This is followed by a very useful 
chapter (pp. 359-75) on ‘Getting to Know the 
Trees’, in which the author has tried to con- 
dense field characters of a large number of 
plants. The book concludes with a key to the 
families adopted for Dr. Hutchinson’s well- 
known key to the families of Dicotyledons in 
the families of flowering plants and a compre- 
hensive index. 

The book is well produced and is bound to 
have a very large demand. The nomenclature 
is practically up to date and the illustrations, 
by the well-known botanical artist, Ganga Singh, 
are excellent and show the outstanding cha- 
racters that will help in the identification of 
the species. The printing, both of the illustra- 
tions and the text, is very clear and pleasant. 
It would, however, have been more useful to 
print the illustrations on one side of the paper 
and insert them inside the text at appropriate 
places instead of putting them all at the end 
of the book. 

Few persons are better qualified than Dr. Bor 
to write a book on Indian Systematic Botany 
and he may be said to have done the job ex- 
ceedingly well. It is possible that the elemen- 
tary student, or one who is concerned merely 
with ‘passing’ examinations, may find the book 
rather heavy, but to the genuine student and 
the teacher it will remain a mine of informa- 
tion for a long time. The price is probably 
beyond the reach of many of the Indian students 
and the possibility of bringing out a cheaper 
edition for use as text-book by the Universi- 


ties of India may be considered. 
M. B. RarzapDA. 


Books Received 

Biological Transformations of Starch and Cellu- 
lose. Edited by R. T. Williams. (Biochemical 
Society Symposia No. 10), (Cambridge Uni- 
versity Press), 1953. Pp. 84. Price 10 sh. 6d. 

Geological Maps. By G. W. Chiplonkar. (Das- 
tane Brothers’ Home Service Ltd.), 1952. 
Pp. iv+92. Price Rs. 7-8-0. ° 

Crystal Growth and Dislocations. By Verma. 
(Butterworth Scientific Publications), 1953. 
Pp. xii + 182. Price 30 sh. 
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Investigations in the Band-Spectra of Some 
Diatomic Hydrides. By Bengt Kleman. Growth 
Yield and Nutrition in Carpets of Forest Moss 
Hylocomium Splendens. By Carl Oloftamm. 
(Thesis, Stockholm), 1953. 

Fats and Oils (A Series of Monographs), Soap 
Manufacture, Vol. I. By A. Davidsohn, E. J. 
Better and J. Davidsohn, (Interscience Pub- 
lishers), 1953. Pp. xii+ 525. Price $12.50. 

Selected Chapters from Modern Inorganic Che- 
mistry. 2nd Edition. By K. K. Dole. (Dastane 
Brothers’ Home Service Ltd.), 1953. Pp. 
viii + 634. Price Rs. 13-12-0. 

Timber—Its Structure and Properties, 3rd Edi- 
tion. Revised. By H. E. Desch. (Macmillan & 
Co.), 1953. Pp. xxiii + 350. Price 25 sh. net. 

Television Receiver Design (2) Flywheel 
Synchronization of Saw-Tooth Generators. 
By P. A. Neeteson. (Phillips’ Technical 
Library), (Philips House, Calcutta 20), 1953. 
Pp. 156. Price not given. 

Pharmacognosy of Ayurvedic Drugs (Travan- 
core-Cochin). (The Central Research Insti- 
tute, University of Travancore), 1953. Pp. 
iii+ 104. Price not given. 

Radio Engineering, Vol. I. (Second Edition). By 
E. K. Sandeman. (Chapman & Hall), 1953. 
Pp. xxiv +779. Price 60 sh. net. 

Infra-Red Absorption Spectra of Steroids (An 
Atlas). By Konard Dobriner, E. R. Katze- 
nellenbogen and R. Norman Jones. (Inter- 
science Publishers), 1953. Price $11.50. 

Electroanalytical Chemistry. By James J. 
Lingane. (Interscience Publishers, Inc.), 
1953. Pp. ix + 448. Price $ 8.50. 

Standard Methods of Clinical Chemistry, Vol. I. 
Edited by Miriam Reiner. (Academic Press, 
Inc.), 1953. Pp. xii+ 142. Price $4.50. 

The Proteins—Chemistry, Biological Activity 
and Methods, Vol. I. Part B. Edited by Hans 
Neurath and Kenneth Bailey. (Academic 
Press, Inc.), 1953. Pp. ix + 549-1,115. Price 
$ 13.00. 

The Indian Pharmaceutical Codex, Vol. I. 
Indigenous Drugs. By B. Mukerji. (C.S.LR.), 
1953. Pp. x + 431. Price Rs. 12. 

Poisonous Plants of India. By Ramnath Chopra, 
R. L. Badhwar and S. Ghosh. (1.C.A.R.), 
1949. Pp. xxvii+ 762. Price Rs. 30. 

The Origin of the Earth. By W. M. Smart. (Cam- 
bridge University Press), 1953. Pp. vi + 239. 
Price 18 sh. net. 

Industrial Inorganic Analysis. By Roland S. 
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SCIENCE NOTES AND NEWS 


Conference on Defects in Crystalline Solids 


The H. H. Wills Physical Laboratory of the 
University of Bristol, in co-operation with the 
International Union of Pure and Applied Phy- 
sics and with the Institute of Physics, is organ- 
izing a conference on “Defects in Crystalline 
Solids” to be held from 13-17 July, 1954, in 
Bristol. While not excluding other subjects in 
the field the organizers propose to give parti- 
cular attention to defects such as dissolved 
atoms, vacancies and F-centres, to microwave 
resonance methods of investigating their pro- 
perties, and to the way in which they react 
with dislocations. Thus dislocations will be 
discussed in their chemical aspects, as influenc- 
ing diffusion and precipitation in the solid 
state, rather than in relation to plastic flow. 

Further particulars may be obtained from the 
Secretary, H. H. Wills Physical Laboratory, 
Royal Fort, Bristol 8, or from the Secretary, 
The Institute of Physics, 47, Belgrave Square, 
London, S.-W. 1. 


High Speed Electrical Recorders 

The Light Point Line Recorders developed 
by Messrs. Hartmann & Braun AG, Germany, 
have built-in galvanometers for fre- 
quencies up to 100 cycles per second and are 
applied in all cases where low D.C. currents 
or voltages and rapidly changing conditions 
need be recorded by a photo curve without the 
use of amplifiers. A light source of high pres- 
sure mercury vapour lamp and special photo- 
graphic paper produce a recording which is 
immediately visible without developing or fix- 
ing the paper chart. The brightness of the 
luminous points is so intense that even at re- 
cording speeds of 10m. per second, the light 
point raised is clearly visible. Interchangeable 
measuring movements having various sensitivi- 
ties and frequencies are provided for different 
measuring methods. Two types RLt.1 and 
RLt.4 for 1 and 4 recording movements res- 
pectively are available. 


Indian Science Congress, 1954 

Professors L. Pauling (U.S.A.), F. C. Baw- 
den (U.K.), A. M. Bateman (U.S.A.), 
N. Wiener (U.S.A.), J. Huxley (U-K.), E. B: 
Chain (Rome), P. C. Young (UNESCO, Delhi), 


T. Dalling (Rome), F. J. M. Stratton (U-K.), 
are expected to participate in the 41st Session 
of the Indian Science Congress to be held in 
Hyderabad in January 1954. A programme of 
lectures, technical and popular, has been 
arranged to be delivered by them. 


Radioisotope Conference 

A Radioisotope Conference arranged by the 
Aiomic Energy Research Establishment, Har- 
well, is to be held in Oxford during the week 
19-24 July 1954. On the first three days of 
the Conference papers presented will deal with 
applications in medicine, biology and agricul- 
ture. The remainder of the meetings will be 
concerned with chemical, physical, engineering 
and general industrial applications. In medi- 
cine it is intended to deal with the experi- 
mental uses of the radioisotopes. 

An exhibition of instruments and techniques 
of interest to radioisotope users will be held 
in Oxford during the Conference. Further 
details and application forms can be obtained 
from the Conference Secretary, AERE, Harwell, 
Didcot, Berks. 


Award of Research Degree 

The Allahabad University has awarded the 
Ph.D. Degree in Botany to Sri. Gadadhar Misra 
for his thesis entitled “Photoperiodism and 
Vernalisation in Some Indian Varieties of Rice 
and Wheat”. 

The Bombay University has awarded the 
Ph.D. Degree in Physics to Sm. V. Rajeswari 
for her thesis entitled “Swan Bands in Rare 
Gases”. 

The Gujarat University has awarded the 
Ph.D. Degree in Chemistry to Sm. Hemlata J. 
Kazi for her thesis on “Studies in Emulsions 
and Interfacial Tension and Complex Forma- 
tion”. 

Royal Institute of Chemistry, Deccan Section 

At the Fourth Annual Meeting of the Deccan 
Section of the Royal Institute of Chemistry 
held recently, the following officers were elect- 
ed for 1953-54: Chairman: Dr. C. V. Nata- 
rajan; Vice-Chairmen: Professor K. R. Krishna- 
swamy and Dr. B. H. Iyer; Hon. Treasurer: 
Dr. M. R. Aswathanarayana Rao; Hon. Secre- 
tary: Dr. R. Rajagopalan. 
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